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INAUGURAL MEETING. 


6th OCTOBER, 1920. 


LLOYD'S REGISTER OF SHIPPING, 
71, Fenchurch Street, 


LONDON, E.C.3. 


LLOYD'S REGISTER STAFF ASSOCIATION, 


INAUGURAL MEETING. 


The Inaugural Meeting of the Staff Association was held 
in the Board Room of the London Office 
on Wednesday, 6th October, 1920. 


The President, Mr. W. Watt, occupied the Chair, and was accompanied on the 
platform by Sir Westcott Abell, Mr. Scott, and Mr. Milton. 


Presidential Address. 
Gentlemen, 


With our Meeting to-night we commence another chapter in the long and honourable history of 
Lloyd’s Register, and I venture to think that in our Staff Association we will write a chapter which will 
hold its own with any that have gone before. 

When the idea of this Association was first suggested about 18 months ago, it met with a hearty and 
spontaneous response from the entire staff, and the enthusiasm was so keen that, had circumstances 
permitted, the Association would by this time have celebrated its first anniversary. 

Rome was not built in a day, however, and many details had to be arranged before it was possible to 
embark, as we do to-night, on a voyage which I hope and confidently trust will be a highly successful and 

rofitable one; profitable alike to the Society we represent, and to all who participate even in the 
umblest manner in the work of the Association. 
re: a our colleagues scattered over the world we have received letters of encouragement and promises 
of help. 

patie my summer holidays I visited the Society’s offices at Glasgow, Greenock, and Newcastle, and 
found there a deep and sincere interest in the aims of our Association, and an earnest desire to do some- 
thing to further its objects. 

We are pleased to welcome to-night Mr. Oxford and Mr. Lyle, who represent the Port of Liverpool 
on our Committee, and who have travelled to London in order to be present at our opening meeting; and 
from Newcastle we have received the following telegram :— 


* Best wishes for successful inauguration of Association to-night.” 


Modern conditions, in our offices as well as in our workshops and factories, demand specialisation, 
and even in the prosaic atmosphere of Lloyd’s Register, specialisation is becoming more and more the 
normal condition. And nowhere in the vast organization of the Society's activities is this specialisation 
to be found more active and pronounced than in the London office. 

We are all specialists more or less, and it is in the dissemination of this specialised knowledge that 
our Staff Association will find its most active and fruitful field of operation. 
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But specialisation is not confined to the London office. In our outports and in the foreign field we 
have men who are acknowledged authorities on all questions relating to the practice of shipbuilding and 
engineering, and the honourable position occupied by Liloyd’s Register to-day, is largely due to the 
acknowledged integrity, and the practical, as well as scientific, attainments of our colleagues in the 
outports. 

P In the transactions of all the learned Societies are to be found papers and contributions by members 
of the Staff on subjects as varied and interesting as any to be found in their pages, and scarcely a year 
passes without some valuable contribution from their pen. 

If, then, we can adorn the pages of other Societies, why not try a page of our own? The field is 
large ; the subjects are numberless, and I appeal to every member of the staff at home and abroad to 
contribute from their store, and to make this Association not only a power in the Society we serve, but a 
power and influence in the world of shipbuilding and engineering. 

For geographical and other reasons it may be only possible for a limited number of our members to 
attend the meetings here, but arrangements have been made for printing and circulating to every member 
at home and abroad, exclusive and non-exclusive, the papers which are read and the discussions which 
follow, and the influence thus exerted will, I am sure, result in the increased usefulness and efficiency of 
the Surveying staff. 

This result is made possible by the generosity of the Committee, who have not only provided us with 
the necessary accommodation for our meetings, but have undertaken to bear the entire cost of the printing 
of the transactions. For this we tender our warmest thanks, and our assurance that we will do all in our 
power to make the Staff Association worthy of the Society to which it belongs. 

Mr. Scott, whom we are pleased to see with us to-night, has proved a warm ‘friend to our new 
Association, and has done much to bring it to fruition, and if there is any feeling of regret in his mind, I 
think it can only be that he was not born a Surveyor. 

Sir Westcott Abell, although a younger man than some of us, has taken a fatherly interest in our 
work since the idea of this Association was first mooted, and although his name does not appear on our — 
syllabus, I am sure we have only to ask him, at any time, on any subject, and without previous notice if 
necessary, and he will be willing and eager to contribute to our work. 

Mr. Milton has likewise taken a keen and enthusiastic interest in the formation of our Association, 
and has shown that interest in a practical manner by coming here to-night to deliver the opening address. 

Before calling on Mr. Milton to address us, I would ask Sir Westcott Abell to make a few remarks. 


Srr Wesroorr ABELL. 


I must say that I wish this Association every success. I think, as your president has put it, that it 
is bound to be a success, and will not only be of considerable assistance in a technical sense, but also a 
means of bringing you together. 

We are all members of one family, and have got to work together for the production of a very high 
standard. The better we do this, the better it is for the Society, and for the whole world. (Applause.) 

You are very fortunate in having this opening lecture delivered by Mr. Milton. Mr. Milton has done 
more than most engineers that I know of in modern times to advance the science of engineering, not only 
in the particular but the general sense. There is no branch on which at one time or another he has not 
given us some views that are worth thinking over. (Applause.) 

To-night he is going to give us some observations, in the broad sense, on questions to which I hope 
the Association will from time to time devote its attention. 

I am not here to take up any more time, but I just wanted to say a few words to wish ‘ Bon Voyage” 
to the Association. (Applause.) 


The Chairman—I have much pleasure in calling on Mr. Milton to address us on a subject which he 
has made his own :— 


“The Measurement of Exceedingly Large and Extremely Small Quantities.” 


At the conclusion of his paper, Mr. Milton said : “1 thank you all for listening to me so patiently. 
I have had great pleasure in delivering this lecture here to-night, and it forms a precedent if, in the future, 
this Association may at times think it desirable to welcome subjects which are not strictly technical, but 


are of general interest.” 


Mr. Scorr rose to propose a vote of thanks. 


Mr. Chairman and Gentlemen,—It is really not necessary, after the applause with which you have 
received Mr. Milton’s Paper, to propose anything at all, but I have very great pleasure (and it is a 
privilege to do so) in proposing a vote of thanks. ° 

I think, if I may say so, that this Association is very fortunate, first in its President. I have never 
heard your President speak before, but it is the best presidential address I have ever had the privilege of 
hearing. (Applause.) 

I think it augers well for the future of your Association that you have such a President, and such a 
Committee to carry on your arrangements. 

As Sir Westcott Abell has said, I think it is almost unnecessary to refer at all to the benefit that 
must accrue, not only to you members individually, but to the Society as a Society. 

I remember in the old days when I used, as a boy, to go to the N.A. Meetings, an old friend of 
Mr. Milton’s said that it was simply a Mutual Admiration Society. (Laughter.) I am quite sure that 
your Association will not degenerate into that. I think that the younger men should be encouraged to 
come forward and read Papers. The great thing is that they should be made to think for themselves, 
and I have no doubt that their colleagues will pull them to pieces if it is necessary, for their own good as 
well as for the edification of the other members. (Laughter.) 

Mr. Milton has laid us under a great debt of gratitude for a Paper which I am sure we shall 
appreciate much more over a pipe than in the necessarily hurried way in which it had to be delivered. 
Tam quite sure that he did not do himself the full amount of justice which his Paper merits, and when 
we see it in print and can read it over at leisure, we shall be able to appreciate all his points, and get a 
great deal of pleasure and enjoyment from it. 

I have very great pleasure in proposing a hearty vote of thanks to Mr. Milton. (Applause.) 


Mr. Dimmock, in seconding the motion, said : 


I have been asked to second the resolution thanking Mr. Milton for the excellent and instructive 
lecture which he has just given us. I have listened to it with considerable interest and benefit, as I feel 
sure that we all have, and in the name of all of you I have very great pleasure in seconding the 
resolution Mr. Scott has so ably proposed thanking Mr. Milton for his Paper. 


Mr. Miron expressed his thanks in a brief response, and the meeting terminated with a hearty vote 
of thanks to the Chairman, moved by Mr. Scott, for his excellent services in the Chair. 
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THE MEASUREMENTS OF EXCEEDINGLY LARGE AND 
EXTREMELY SMALL QUANTITIES, 


Before forming a correct conception of the size of anything represented by some figures, large or 
small, we must of course have a precise knowledge of the unit of measurement employed, but it is also 
necessary to have the real significance of the terms employed to represent numbers. We will have a few 
moments consideration of numbers first. A scientific writer, Wallace, whose name will always be coupled 
with that of Darwin as a pioneer in scientific ideas of the origin of species says: ‘* When we have to deal 
with millions few people can form any clear conception of what a million is.” He suggested that in 
every large school and in every considerable town a hall or gallery should have a million shewn upon its 
walls so that it could be seen at one view. He suggests a method of shewing the million very similar to 
that employed in a book which our Mr. Martin possesses and which I am privileged to shew you. Each 
page of Mr. Martin’s book contains 100 small squares, each containing 10 rows of 30 dots; there are 
therefore 10,000 dots on each page. This number is represented by 10‘. There are 100 pages in the 
book, so that the total number of dots in the book is one million, which is 10°. 


Fig. 1. Fie. 2. 


Fig. 1 is an enlargement of one of the small squares containing 100 dots. Fig. 2 is a reduction 
from one page of the book and shews the 100 squares, which collectively contain 10,000 dots. 

If each dot on one page of the book could be converted into 10,000, the number of dots on the page 
itself, we should have 10° and if each of such dots were again converted into 10,000 other dots we should 
have 10". In this lecture we shall refer to distances which have been measured with some degree of 
accuracy represented by figures greater than 10” the unit being miles, 


When we come to the extremely small quantities we shall mention dimensions so small that they 
compare with a unit of one metre in even less proportion than the unit of 1 mile compares with the 
immense distance represented by 10° miles. 

The British Standard of length has no scientific meaning. It is the length between two marks upon 
a certain rod made of brass and religiously preserved in Westminster, the ‘measurement being made at 
60° Fah. and under the mean atmospheric pressure. This length is a yard of 8 feet or 86 inches. The 

ard is a very suitable unit to employ for many purposes, but for others a mile = 1,760 yards or an inch 
base been found to be more convenient. 

For measuring distances at sea a nautical mile is taken as a unit. This is generally defined to be 
the length of a minute of are upon a great circle of the earth, and as we shall see this is not a constant 
quantity as it varies slightly with the latitude. 


When dealing with physical researches the metric system is almost always used. The convenient 
units of length on this system are the metre which is 39°37079 inches in length, the kilometre which is 
1,000 metres or a metre x 10%, the millimetre which is yoy of a metre or a metre x 107%, and a micron 
usually designated by the symbol » which is yo'y5 of a millimetre or a metre x 107°. Sometimes a 
millimicron designated by py is used, this is yg!5> of a micron or a metre x 10~°. 


When we wish to know the dimensions of space around us we naturally turn first to the 
determination of the size of the earth. 

In principle this is not difficult, but in order to obtain accurate results a considerable degree of skill 
has to be employed, the operation requiring the combination of the work of the Surveyor and of the 
Astronomer. 

First a base line of a few miles in length has to be measured in a comparatively flat part of the 
earth. This is done by means of standard brass rods, which must be continuously butted end to end in a 
straight line from one extremity of the base to the other, note being taken of the temperature at the time 
of measurement and suitable corrections for expansion or contractions being made. This length must be 
checked by repeating the operation more than once. When the base has been accurately measured it is 
used for finding, by triangulation, the lengths of much longer lines between conspicuous stations. These 
are used for further triangulation until the exact length of a long stretch of about up miles is obtained, 
this line running as nearly due North and South as possible. 


The Astronomer then comes on the scene and determines with precision the latitude and longitude of 
each end of this North and South line. If the line is truly North and South the difference ef the latitudes 
of the two ends enables the length of a degree to be calculated, but if it is not truly North and South the 
difference of longitude enables the necessary correction to be made. Measurements of this kind are made 
in different latitudes and from their results the shape and size of the earth can be determined. It is 
known from such measurements that the mean radius of the earth is 3,959 miles and that the equatorial 
diameter is 26 miles longer than that through the poles. 

The latitude of a station is found by the method of taking the meridian altitudes of stars whose 
declinations are known, As this method requires a knowledge of the refraction of the atmosphere, which 
fluctuates with temperature, barometric height, dryness of the atmosphere, etc., stars are chosen for 
observation which when they are on the meridian will be near the zenith where the amount of refraction 
is very small and consequently its fluctuation is inappreciable. 

‘The latitude of a place is measured by the altitude of the pole. In other words it is the inclination 
of the axis of the earth to the horizon of the place. As the earth is not circular in its meridian section 
the length of a degree of latitude measured on a meridian is variable, being greater at high latitudes 
and being a minimum at the equator, consequently a nautical mile, being the length of a minute 
of arc, will be less at the equator when it is measured North and South than it is at any other 
place. Further when it is measured North and South at the equator it is less than when it is measured 
East and West. At the equator North and South the length is 6,045 feet and East and West it is 6,086 
feet. At the pole it is 6,107 feet. 

Having determined the dimensions of the Earth the next step is to ascertain those of our nearest 
neighbour, the Moon. If we once know her diameter we can calenlate her distance by measuring the 

angle which the diameter subtends and conversely if we know her distance we can find her diameter by 
measuring the angle it subtends. 


Her distance is found in the following way :— 


fig. 3. 


Let P A B Q be a meridional section of the Earth, P Q being the axis. A and B be two places on 
the same meridian A E the North latitude of A, B E the South latitude of B. If D is a heavenly body 
at an infinite distance, when it is on the meridian and observed from A it will be seen in the direction 
A F parallel to C D and the angle Z A F=A C D will be its zenith distance. Similarly if it is observed 
at the same instant from B its zenith distance will be the angle B C D. Now the sum of the angles 
AC D and B C D is exactly equal to the sum of the latitudes A E and B E of the two places. 

If instead of the object being at an infinite distance it is comparatively near to the Earth, say at M, 
than if it is observed simultaneously when on the Meridian from A and B, its zenith distances from the 
two places will be the angles Z A Mand X BM. The sum of these two angles exceeds the sum of the 
latitudes of the two places by the angle A M B. The distance between A and B being known it is a 
simple problem in Trigonometry to ascertain the distance A M,. 

If the two stations A and B are not precisely on the same meridian the necessary corrections of the 
observations can be computed. 

It is found that the Moon’s distance from the Earth is continually varying, the mean value of the 
distance between the centres is 238,793 miles; it fluctuates on rare occasions between 220,000 and 
260,000 miles, but ordinarily its variations do not exceed 13,000 miles more or Jess than its mean value, 

If at the same time that its distance is measured the angle subtended by its diameter is ascertained, 
its distance at any other particular time can be determined from its apparent diameter at that time. 

This method of measuring distances is not suitable in the cases of bodies which are at very great 
distances away. The angle A M B is only about 1° in the case of the Moon even if A and B are 4,000 
miles apart. It has, however, been applied for measuring the distance of the Sun, but as in that case the 
angle is only about 9 seconds it will be seen what a large error in the result will obtain from a very small 
error of observation. It is remarkable, however, that by this method astronomers concluded that the 
Sun’s distance was 95,000,000 miles, which is a fairly close approximation to that obtained by the 
Transit of Venus method, which will now be referred to. 

5 Before going into details of this method some general remarks must be made upon the Solar 
stem. 

: It is now definitely established that Newton’s law of gravitation holds good throughout the 
Universe. This law is that every body attracts every other body with a force which is preportional to 
the product of the masses and inversely as the squares of the distances between the bodies. It follows 
as a direct consequence of this law that if we consider two bodies only, say the Sun and the Earth, both 
being free to move under their mutual attractions, both will move in elliptic orbits round their common 
centre of gravity. As the mass of the Sun is immensely greater than that of the Earth, the common centre 
of gravity of Earth and Sun is practically the centre of the Sun. There are three laws, called Kepler’s 


or 


law’s, because Kepler discovered them from actual observations of the planets’ motions, but they 
follow mathematically from the law of gravitation, they are :— 
1. That during the revolution of one body round another under the law of gravitation 
equal areas are swept over in equal times. 
2. That the path. of the body must be an ellipse having the centre of gravity round which 
the body rotates at one focus, and 
3. That if several small bodies rotate at different distances from the same massive central 
body their speeds will be such that the squares of their periods of revolution will be proportional 
to the cubes of their mean distances. 

Now since the periods of revolutions of all the planets round the Sun can be observed with great 
accuracy, it follows that if we know the actual distance of any one planet from the Sun we can 
determine the distances of all the others by the application of Kepler’s third law. 

It may be of interest to note that the apparent departure in the case of one planet, Uranus, from 
the motion which should result from the law of gravitation, led to the discovery of another planet, 
Neptune, whose attraction had diverted the orbit of Uranus, the apparent exception to the law thus 
becoming a convincing proof of its accuracy. 

We will now revert to the problem of ascertaining the Sun’s distance from the Earth. 

Venus is a planet whose orbit lies inside of that of the Earth, but the planes of the two orbits do 
not coincide. They intersect in a line which meets the Earth’s orbit in positions occupied by the Earth 
in June and December. 

It is therefore possible that both the Earth and Venus may occasionally at one and the same time 
occupy positions on the line of intersection of the planes of their orbit. If both should be in these 
positions on the same side of the Sun it will happen that Venus will be seen to pass across the face of 
the Sun, or in other words a “ Transit of Venus” will occur. This really does happen periodically with 
great regularity, the intervals of the cycle being 8 years, 122 years, 8 years, 105 years, after which the 
cycle is repeated, the transits always occurring in June or December. The last transit was in 1882, the 
next will not be due until 2004. 

The method employed in using the Transit of Venus to determine the Solar System distances was 
suggested by Halley early in the Highteenth Century, but it could not be applied until 1761, at which 
time Halley had passed away. There have since been three transits, viz:—in 1769, 1874 and 1882. 

Halley’s method is illustrated in the figure 4. 


fa. 4. 
Let E represent the Earth, V Venus at the time of the centre of the transit, and S represent the 


Sun. An observer at A will see Venus as a black dise upon the Sun at a, whilst an observer at B_ will 
see it as a disc at 6. Now from Kepler’s 3rd law it is known that the distance S'V is to S E as 


67 : 92:7; so that S V: V E::67 : 25°7. The triangles A V B and a V dare similar, having equal 
angles at the vertex, a 6 must be equal to §7,—=2°6 times A B. What is required is to ascertain the 
distance a b. 

If we take the other figure, the larger circle represents the face of the Sun, the small circles a and } 
the positions in which the observers see Venus in the middle of the transit, the horizontal lines the 
paths which, to the observers, the centre of Venus appears to travel. What is wanted is to measure 
the distance between a and 0. 

Each observer notes the time at which the black disc of Venus first obtrudes itself on the bright 
edge of the Sun. He then notes carefully the time at which the disc is fully on the Sun, this is easily 
seen as it is the time at which two threads of light from above and below meet, and light completely 
encircles the disc. The mean of these times is taken as being the exact time at which Venus’ centre 
enters on the Sun’s face. 

Similar observations are made when Venus is about to go off the disc. The differences of these 
times and the known speed at which Venus travels through the heavens enable the lengths of the two 
chords to be calculated, and as the angle subtended by the Sun’s diameter is known the positions of the 
chords can be determined and these give their angular distance apart. The rest is Geometry. Knowing 
the angle A V B determined in this way, and knowing the distance A B enables us to ascertain the 
lengths of the various lines of the diagram, and from them, by applying Kepler’s law, the whole of the 
distances involved in the Solar System. It need hardly be said that the positions of A and B are chosen 
as favourably as possible, that skilled astronomers make the observations, and that the most suitable 
instruments are set up for the purpose. It is very important to choose places where there is a likelihood 
of cloudless weather occurring at the time of the transit. The result of the most reliable observations 
gives the mean distance of the Earth from the Sun as 92,700,000 miles. Its least distance, which 
occurs about 1st January every year, is 91,100,000 miles, and its greatest distance, which occurs about 
July 1st, is 94,600,000 miles. 

We have now seen how we can step with a considerable degree of accuracy to the measurement of 
the immense distances involved in the Solar System. The Orbit of Neptune has a mean value of 
2,7%0,000,000 or nearly 28 x 108 miles. We shall see that in comparison with some stellar distances 
which are measurable this may be considered to be small. 

Before dealing with stellar distances a few words are requisite upon the methods adopted for 
recording the apparent positions of the stars and upon the instruments used for the purpose. ‘he stars 
all appear to be situated on the interior surface of an immense sphere (The Celestial Concave). This 
sphere appears to turn round an axis, which is the same straight line as the axis of the Earth. The 
Earth’s axis produced cuts the sphere in the celestial poles. 

The plane of the Earth’s equator produced cuts the sphere in the celestial equator. The planes of 
meridians on the Earth cut the sphere in great circles which are meridians. The position of any point in 
the celestial concave is determined if its distance from the equator is known, and if the position of the 
meridian passing through it is known, in precisely the same manner as the position of a place on the 
Earth is determined if we know its latitude and its longitude. 

The measurement in the heavens corresponding to our latitude is called Declination, and it is North 
or South precisely as is the case with our latitude. The position of the meridian, corresponding to our 
longitude, is called “ Right Ascension,” and in the same way as longitude is measured from a fixed terres- 
trial meridian (Greenwich in English speaking countries), so Right Ascension is measured from a fixed 
celestial meridian, the starting point chosen being that which passes through one of the intersections of 
the ecliptic and equator. This point is called the vernal equinox. Declination is measured in degrees, 
minutes and seconds in the same way as latitude is measured on the Earth, but Right Ascension is 
measured in hours, minutes and seconds, the whole circle of 860° being reckoned as 24 hours, so that 
1 hour Right Ascension is really equivalent to 15°. It is measured in one direction right round the 
circle of 24 hours, and not east and west as is the case with terrestrial longitude. 

There are three main classes of astronomical telescopes, called respectively transit instruments, 
meridian circles and equatorials. The first is mounted on horizontal trunnions or pivots at right angles 
to its axis. These are placed horizontally due East and West so that the telescope swings in the 
meridian and has no other motion. It is furnished with one horizontal and five equidistant vertical 
wires in its field of view. When it is directed to the proper position a star comes into view and crosses 
the field. The exact time at which it crosses each of the vertical wires is noted, the mean of the five 


times so noted being taken as the instant at which the star crosses the meridian. This observation can 
be repeated daily for a long time, and the mean of many observations enables the right ascension to be 
fixed with extreme accuracy. 

The Meridian Circle is a telescope which is also fixed so as to swing in the meridian, but upon it is 
fixed a graduated circle, and to a fixed wall alongside of it is secured another graduated circle. 

The graduations on the circles enable the inclination of the telescope to be determined. If they 
commence at 0° when the telescope is pointed to the intersection of the equator with the meridian, and 
are 90° when it is pointed to the pole, then when it is pointed directly towards a star which is crossing 
the meridian the graduation will give the declination of the star. 

These instruments are made with great delicacy of adjustment and are frequently tested so that 
their unavoidable errors are known and allowed for. 

The sources of error common to both transit and meridian [Instruments are :— 

1. The axis may not accurately intersect the axis of the trunnions upon which it swings. 

2, ‘The axis may not be at exactly right angles to the trunnion axis. This error will make the 
centre of the field of view swing through a small circle instead of the great circle of the 
meridian. 

3. The axis of the trunnion may not be accurately oriented in an East and West line. 
This error will make the centre of the field of view swing through a great circle slightly inclined 
to the meridian. 

4. The axis of the trunnion may not be accurately horizontal. This error, like the last, 
will make the centre of the field of view swing through a great circle inclined to the meridian, 
but its greatest deviation will not be at the same position as that caused by error No. 8. 

5. The trunnions may not be exactly circular in section so that the axis of trunnions may 
not remain always in one and the same straight line. 

The instruments are repeatedly tested for each of these possible errors, and their amounts measured 
at the positions in which they attain their maximum valves. 

When these are known the errors at other points can be calculated. 

Besides these errors the Meridional Circle instrument has errors due to the marking on the graduated 
scales. 

As has been said its angular position is measured by comparisons between a graduated circle fixed to 
the instrament and swinging with it and another circle fixed to a wall. Each of these circles will 
contain its own inaccuracies of marking, and another error is introduced if the centre of either circle 
does not accurately coincide with the axis around which the telescope swings. 

Observations can be made as frequently as is desired so that personal errors of observations can be 
made to cancel out. They thus allow the stellar positions to be recorded with very great precision, and 
any apparent motion of the stars over a lapse of time can be accurately measured. 

The equatorial telescopes are mounted in very different fashion. First an axis is fixed parallel to 
the axis of the earth and therefore pointing to the pole of the heavens. The telescope is so mounted on 
this that it can swing in a North and South direction along a Meridian, and it has also an equatorial 
movement in a plane at right angles to the axis. These two motions enable it to be pointed to a position 
of any desired right ascension and any required declination. As it is capable of movement round the 
axis, when it is once pointed to a star, if it is rotated with the same speed as the earth but in the 
opposite direction, the telescope will keep the star in the field for as long as is necessary. A motion of 
this kind may be given to che instrument by clockwork, leaving the observer free to make continuous 
observations upon the same field of view for as long a period as he likes. Such an instrument is usually 
fitted with micrometer appliances allowing distances between such stars as may be in the same field of 
view to be compared with one another. 

We will now turn to the stars. Each star has no doubt a considerable motion through space 
peculiar to itself. If this motion happens to be in the line of sight in which we view it, whether it is 
advancing towards us or receding from us, it will have no apparent motion. If its motion relative 
to us is at all across our line of sight it will appear to move. The apparent movement called “ proper 
motion” will be greater the more oblique to our line of vision the actual motion is, the faster it is, 
and also the nearer the body is to us. Out of a multitude of stars with all sorts of actual velocities 
in all directions and at various distances we should as a rule consider that those shewing the greatest 
proper motion were the nearest to us. At any rate we should conclude that those few shewing a large 
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motion were much nearer than the many shewing very small moyement, but of course it is possible that 
some either moving very slowly or moving nearly in our line of vision would be exceptions to our 
conclusions. 

As the apparent positions of all the principal stars, both in Right Ascension and Declination have 
been recorded for many years their proper motions are ascertained. The greatest is about 7 or 8 
seconds of arc annually, but very many stars, even after the lapse of many years, shew no apparent 
proper motion. It must be assumed that these are either at exceptional distances from us or else that 
they must be moving nearly in our line of vision. 

There is a phenomenon which has to be allowed for, viz. : that which is called aberration of light. 

If the earth were in a fixed position the light from a star coming in a straight line to the earth 
would make the apparent position, that is to say the direction in which the light strikes the earth, 
coincident with the real position, viz.: the direction of the line joining the earth and star. In reality 
the earth is moving with a velocity of about 19 miles per second. The velocity of light is 192,000 miles 

r second. If the light is coming in the direction of motion of the earth the apparent and real 
irection of the star will be the same, but if it is coming at right angles to the earth’s motion the 
apparent and real direction will be inclined at a small angle such that its tangent is equal to +55}o0, 
that is to say an angle of about 204 seconds, 

As the earth’s direction is continually changing the effect of aberration is to make each star appear 
to move in a very small elliptic orbit the size of which is independent of the distance of the star, 
depending only on the relative speed of the earth and light, and the relation between the earth’s 
direction of motion and the direction of the star. Two neighbouring stars will therefore be equally 
influenced by aberration, so that the apparent distance between them will not be affected by it. 


fa. a. 

Besides the proper motion, which for any one star is continuous, year in and year out, and also the 
periodic effect of aberration, there is anotber small motion which should affect all the stars in proportion 
to their nearness to us. Suppose a star is at A, and the ellipse on the left of the diagram represents 
the annual orbit of the earth. In January the star appears at 1, in April at 2,in July at 3, and in 
October at 4. In other words it will appear to describe an ellipse in the heavens, this is called a 
“parallactic ellipse.” 

Another star B at a much greater distance will appear to describe a much smaller _parallactic 
ellipse, whilst one at an infinite distance will not appear to move. If then we can accurately measure 
the small ellipses in which the stars appear to move every year, we shall have a means of ascertaining 
the distances from us. The star 61 Cygni to which this kind of research was first applied is one which 
is of the sixth magnitude, scarcely visible to the unaided eye. By the way, it is what is known asa 
double star. It was selected for critical examination because of its large “ proper motion”? which is 


about. 5 seconds of are sonal, It has near it, so as to ke in the same field of vision, four very small 
stars which are presumably much fa 


rther off and which therefore must have extremely small parallax. 


In observing two stars which are near together in the same field of the telescope, one source of error 
in ordinary observations, viz.: refraction, is eliminated becanse both stars are similarly affected, and 
aberration also may be neglected for although it is very much larger than the annual parallax yet it 
affects both the observed stars equally. The distances between their images are periodically measured. 
and from the result the annual parallax is ascertained. In this particular case the angle subtended by 
the diameter of the parallactic ellipse was found to be less than one second of arc. This star has been 
observed many times by several observers, each of the four small stars near it have been taken as the point 
from which to measure distances. The star’s distance calculated from all the observations is 
40,000,000,000,000 miles, 4 x 10!8. Subsequent research in the case of a Centauri, a bright star in the 
Southern hemisphere, which also has a large proper motion, has determined its annual parallax which 
places the star at-a distance of 26,000,000,000,000 miles. From this distance it takes 44 years for its 
light to reach us whereas it only takes about 8 minutes to reach us from the Sun. The parallaxes of a 
few other stars have been determined. The total number of which the parallax is known is only 69, 
and of these 3 only have parallaxes more than 0°4'' and about half the number have parallaxes less than 
01", but most of the stars that bave been tested are of such immense distances as to have no measurable 
parallax. Need it be said that the smaller the parallax the greater is the difficulty of measuring it, the 
greater possibility of a small error, and if there is an error its proportional effect is greater. It may 
therefore be suid that such distances as those of 61 Cigni and of a Centaur are about the greatest. which 
have been determined within a reasonable degree of accuracy, whilst a few others have been found to be 
much greater, but still measurable, although with a certain amount of possible error; but we can say 
with absolute certainty that of the great multitude of stars which we can see, the distance is enormous, 
and certainly not less than several times the distance of a Centauri, which we have seen can be expressed 
with a new unit as being 44 light years. 

To form an idea of these immense distances we must resort to pure reasoning, not actual 
measurement. 

We know from the laws of optics that the quantity of light which we receive from a bright object 
varies inversely as the square of our distance from the object. By removing ourselves to greater 
distances from the object, it will appear to us to be less bright. If we are so far from an object that it 
is scarcely visible to us we shall find that by looking at it through a telescope we are enabled to see it 
more clearly. The reason is that with the unaided eye only the amount of light which falls upon the 
small circle of the pupil of the eye reaches the retina. When we use a telescope we concentrate most of 
the light which falls on the object glass into the eye. In other words the telescope enables us to collect 
a much greater quantity of light than we can obtain without its aid. If now we direct a telescope to the 
heavens on a starlight night it will reveal to vs very many stars which we could not previously discern. 
As an example the constellation known as the Pleiades on a bright night in Winter appears to comprise 
six or at the most seven stars. An ordinary pair of opera glasses when sharply focussed will shew it to 
contain many stars. In this way by observing the same part of the heavens by better and better 
telescopes, more and many more stars will be seen. It is reasonable to conclude that most of those stars 
which can only be seen by a telescope are further away than those which can be seen by the unaided eye, 
whilst those which require a very powerful telescope to reveal them are still farther off than those which 
can be seen by a telescope of low power. 

By using the most perfect telescopes some very faint stars will be seen by those who have excellent 
eyesight. These will represent the utmost that can be seen by human eyes. We, however, can go very 
much farther than this. Astronomers have enlisted the aid of photography to record the presence of stars 
invisible to the human eye even with the most powerful telescopes. The usefulness of photography to the 
Astronomer depends upon the fact that with long exposures we can largely increase the light recording 
power. Specially made cameras are connected to equatorial instruments which by their clock-work 
mechanism can keep the field of view of the camera accurately focussed on the plate for several hours. 
Such instruments are in use in all the principal Observatories of the World carrying out a photographic 
survey of the heavens. By this means many sturs have been discovered to be double, the motions of 
comets are recorded, and new planets have been found in the asteroid group. 

From progressive observations with telescopes of more and more power, and finally by the aid of 
photography, it is concluded that there are multitudes of stars at distances so vast that it takes many 
centuries for the light to come trom them to us, so that it is the light which left them centuries ago 
which now records itself on the photographic plates. 
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Now let attention be turned to the measurement of extremely small quantities, 

In the workshops we have learned to make very accurate measurements of definite articles, and work 
is now carried out to tolerance limits which until comparatively recently would have been thought to be 
unobtainable. Sir Joseph Whitworth very many years ago constructed a machine which was said to be 
capable of accurately measuring distances between two of its points to the one millionth of an inch. In 
this machine one point was fixed, the other was advanced towards or receded from the fixed point by 
means of a screw with very fine thread which was turned by a graduated circular wheel whose position 
circumferentuly could be read off by means of a vernier. Even such a machine is not capable of 
measuring many small quantities of which it is desirable to ascertain the precise dimensions. 

Chemistry teaches us that all elementary bodies are composed of atoms, each atom of any specific 
element being precisely like each other atom of the same element. We know from our general knowledge 
that the atom must be exceedingly small, but the problem remains as to how to ascertain its exact size. 

What is known as the atomic weight of every elementary substance is not really a weight, it is 
merely a number representing the proportion which the mass of an atom of the substance bears to the 
mass of an atom of hydrogen which is represented by unity. If, therefore, we know the weight of the 
atom of hydrogen, which is the lightest of all known atoms, or if we know the weight of the atom of any 
one other substance, then by knowing the so-called atomic weights of the various elements we can by 
direct proportion ascertain the weights or mass of the other atoms. Further, as we can deterinine the 
specific gravity of any elementary substance by direct experiment, when we know the atomic weight ratio 
as well as the specific gravity, we can determine the relative volumes occupied by atoms of various other 
elements. 

The extreme divisibility of matter has long been known. Take gold as an example. This metal is 
extremely malleable and gold leaf is made by beating out gold to such an extreme thinness that it takes 
360,000 to make up the thickness of an inch. This thin gold leaf has a certain amount of transparency, 
but even under a microscope it appears to be perfectly continuous. If, therefore, the ultimate atoms of 
gold in the leaf are disposed in only one layer, it follows that a gold atom’s dimension cannot 
exceed ggqyo0 Of an inch. 

Gold, however, is in every day use in a much thinner layer than gold leaf. The wire used for 
making the so-called gold lace which embellishes our Officers’ uniforms is really silver wire coated with 
gold. It is said that one ounce of gold will cover 384 miles of this wire. It is then a matter of 
arithmetic to shew that if the wire is +}, of an inch in diameter the thickness of the gold is only 
1:°281 x 107‘ or ygyhoap inch. In this instance it is of course possible that the gold film may not be 
absolutely continuous although it appears to be so even when examined under high microscopic power. 

Another instance of the extreme divisibility of metal is afforded in the case of the fine wires used 
io define the axes of Astronomical telescopes. Wollaston is reported to have made for this purpose a 
platinum wire of s55}oo0th of an inch in diameter by enclosing a fine platinum wire in a cylinder of 
silver, and then drawing the combination down to as fine a wire as possible, after which the silver was 
dissolved off by acid. One ounce avoirdupois of such wire, if it were of uniform cylindrical shape 
throughout, would have a length of 14,240,000 miles. From this it appears that a molecule of platinum 
cannot exceed sy5}55y Of an inch in size or 84 x 1077, 

These figures are quoted to shew the extreme minuteness of atoms and molecules. 

They only give an upper limit which the atom’s dimensions cannot exceed, but leave doubts as to 
whether these limits may not largely exceed the actual sizes. 

To go any further we have to go deeply into physical research. 

When we leave the consideration of elementary substances and turn our attention to ordinary 
chemical substances the limit of divisibility turns upon the molecule, which is generally composed of two 
or more atoms. For instance, the molecule of water is composed of two atoms of hydrogen combined 
with one of oxygen. The molecule of benzene is composed of six atoms of hydrogen combined with six 
of carbon. Its weight is therefore equal to 78 times that of an atom of hydrogen. 

Attempts have been made to ascertain upper limits of the sizes of molecules by studying the 
thickness of soap bubbles and of the oil films which spread with great rapidity on water. The soap 
bubble film must be a mixture of water molecules and soap molecules, the latter of which must be of 
complex character. The oil molecule is also a complex one. There is one difficulty in this matter owing 
to this complexity. It has been pointed out by an investigator who experimented with films of oil whose 
molecular composition was C 57 H 104 O, that the oil molecule might not have its 167 constituent atoms 
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arranged in a nearly spherical cluster, but might have them arranged in a reticular meshed structure 
similar to a spider’s web which would appear to he homogeneous, and yet its thickness might not be 
greater than the dimensions of a single atom, We therefore are almost compelled to confine experiments 
to simple substances or at least to substances which are not of very complex nature. 

The transference of matter which occurs during solution and also in the diffusion of liquids leads 
necessarily to the idea that the molecules of a liquid are in incessant motion. If two liquids which will 
mix are carefully superimposed one upon another, the lightest being uppermost, it is only a question of 
time before complete mixture takes place, some of the heavier liquid rises amongst the lighter and some 
of the lighter descends amongst the heavier until uniformity of constitution results. 

Even when solids are pressed together diffusion takes place. The late Sir Roberts-Austin has shewn 
that when lead and gold are pressed together, after a time traces of gold can be found throughout the 
lead and traces of lead throughout the gold. It is evident, therefore, that the molecules of solids are 
also in motion. It is, however, with gases that the motions of molecules are greatest and most easily 
measured, and it is therefore to gases that most attention has been given. 

The laws affecting pressures, temperatures and specific heats of gases are well known. What is 
called the pressure of a gas is due to the continuous impact of its moving molecules upon the walls of 
the vessel containing it. If we consider a unit surface bombarded by streams of particles which, when 
they strike, rebound with equal velocities without gain or loss of energy, it follows from the laws of 
mechanics that the pressure exerted on the unit surface is equal to twice the product of the component 
of the velocity perpendicular to the wall into the total mass of the particles which strike the surface in 
unit of time. This leads to the law that “for any given mass of a gas the nage of the volume by 
the pressure is equal to two-thirds of the energy of motion associated with the molecules of the gas.” 
The energy of motion is proportional to the mean of the squares of the velocities of all the molecules, 
and from this consideration, as the mass, pressure and volume are known, it is found that in the case of 
hydrogen gas at the temperature of melting ice the mean velocity of the molecules is 1,700 metres per 
second. 

From this result it is seen that the velocity of the molecules of a gas is independent of the pressure. 
Hence in an exceedingly rarified gas the molecules move with the same average speed as in the same 
kind of gas, say, at atmospheric pressure. 

The velocity of hydrogen molecules when in an exceedingly rarified condition has been experi- 
mentally ascertained by another method. When Geissler tubes are filled with extremely rarified hydrogen, 
and an electric current is passed through the tubes, the molecules of the gas are rendered luminous, and 
are made to travel in one direction only from one pole of the tube to the other. The spectroscope, by 
comparing the light which the particles emit when coming towards the instrument with that from the 
particles when they are traversing the reverse way, can be made to indicate the velocity of movement of 
the sources of the light, and in this way it is demonstrated that the velocities of the hydrogen molecules 
are within one per cent. of the value calculated by the altogether different method, thus confirming the 
accuracy of the result. It is this method of spectroscopic research which is applied to the observations 
of the stars to determine whether they are approaching or receding from the Solar System. 

A molecule of hydrogen is composed of two atoms. We do not know how the two are combined, 
but we must at once recognise that with an immense number of molecules all travelling at high speed, 
there must be numerous collisions, unless the bodies are infinitely small in comparison with the distances 
between them. ‘The collision of two bodies each of a shape say of a dumb bell will be very different 
from those of bodies of spherical form like cricket balls. In the latter case if two perfectly elastic 
bodies collide and rebound from one another their energy of motion before impact will be of the same 
nature after impact; that is to say, in both cases it will be transitional only, whereas if two bodies of the 
shape of dumb bells collide, unless their paths both happen to meet end on, part of the energy of impact 
will be absorbed in the giving rotation of one or both of them. Their motions therefore are not so 
simple as those of spherical bodies. There are, however, certain gases—helium, neon, argon, krypton 
and xenon—which are chemically inactive and never combine with other elements, in which the 
molecules consist of single atoms. These, therefore, present themselves as being the most convenient 
substances upon which to make research. 

Considerations in regard to these monatomic substances shew that they all should have identical 
specific heats. Experiments shew that this condition is precisely fulfilled, the specific heat of each of the 
monatomic gases being 2°98 when the 0,G.S. (Centigrade Gramme Second) system is used. 
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The next step is the consideration of the viscosity of gases. This can be experimentally measured. 
When carefully considered the viscosity is found to be due to the following considerations. 

Imagine two layers of a gas sliding upon one another. The individual molecules of each layer will 
in reality be moving in all imaginable directions, but if we resolve the velocity of each molecule into 
components along and perpendicular to the common surface of the two layers, the fact of the layers sliding 
on one another really means that the aggregates of the components of the velocities of the two layers 
along the common surface are not equal. The components perpendicular to the common surface will 
ensure that some molecules of each layer will penetrate into the other layer, carrying with them the 
components of their velocity along the common surface of the layers, and thus the excess of motion in 
the one layer will gradually be transferred until it is wholly shared with the other layer. Something ‘ 
analagous to friction will occur between the layers. This is the viscosity referred to. Now this viscosity 
must depend upon the number of molecules crossing the boundary between the layers, that is to say, it 
must depend upon the density of the gas which is known, it must also depend upon the mean molecular 
velocity, which is known from other considerations, and the third factor is the mean free path of the 
molecules, that is to say, the average distance which each molecule travels between successive impacts with 
its fellow molecules. As the viscosity is measurable the mean free path can be calculated. Now the 
mean free path really depends upon the relation between the actual size of the molecule and the average 
distance apart of the molecule. If the molecules were infinitely small in comparison with their distance 
apart they would never collide, and in such a case the molecules would freely interpenetrate from layer to 
layer and would collide only with the containing vessel. In such a case the mean free path would be 
infinite. Generally, the larger the dimension of the molecule in proportion to the mean distance 
between the molecules the shorter will be the mean free path. 

From a knowledge of the magnitude of the mean free path the dimension of the molecule can be 
determined. The mean free path can also be ascertained from other considerations. The results obtained 
from different methods agree with sufficient closeness to give confidence in their accuracy. It is from 
such considerations that the dimensions involved in consideration of the atoms have been measured. 

When speaking of the size of the atom what really has been measured is not the actual size, but the 
distance apart of the centres of two atoms when they come into collision. This is spoken of as being 
the diameter of the sphere of impact. 

There are certain considerations which shew that very possibly the actual molecules of a gas never 
do really touch one another, being kept apart by mutual repulsion, but considering the diameter of the 
sphere of impact as being the actual size of the molecule the following results are obtained. In the 
case of argon Diameter = 2°85 x 10° centimetre. 

= 1122 x 10°* inches. 

The mass of an atom of hydrogen is 1°6 x 10 grammes. Each molecule of oxygen containing two 
atoms has a mass of 52 x 107%! grammes. Each molecule of nitrogen a mass of 45 x 10~*. The molecules 
of the air at ordinary temperatures are travelling at a rate of over 1,600 feet per second, but they collide 
with one another 5,000,000,000 times per second. The mean length of their free path is ,'y of p. 

The mass of an atom of gold is 197 times that of the hydrogen, so that it is 3°152 x 10-* grammes. 

Now consider the gold leaf referred to earlier in the lecture. Its thickness is zgy5y5 inch. If we 
could conceive a cube cut from it whose sides were equal to its thickness its volume would be (s¢500)* 
cubic inches. Remembering that the specific gravity of gold is 19°36 we shall find its weight= 
6°808 x 10-* 
ae or over 21,600,000 atoms. If the 
atoms are regularly arranged the thickness of the leaf would consist of 278 atoms. 

If a cube of the thickness of the gold which is put on the wire used for making gold lace 
were similarly made its volume would be (+gghs95)° cubic inches. Its volume is therefore only 
(28%5)°="000098 of the cube just considered. ‘This then would contain over 2,000 atoms and the 
thickness of the film would contain about 13 atoms. 

The platinum wire s55}e90 of an inch in diameter would contain 44 atoms in its cross section. 


6°808 x10-" grammes. It therefore would contain 
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THE FREEBOARD, STABILITY, AND 
SEA WORTHINESS OF SHELTER DECK STEAMERS, 


Although shelter deck steamers were classed in this Society as far back as 1879, the type as 
we know it now was not introduced till about 1895 or 1896. At that time the type favoured by 
the Owner of the ordinary cargo tramp was the Three Island vessel, and that this type meets the 
need also of the present-day Owner is evidenced by the fact that more vessels of this type are built 
than all the other types put together. 

On certain routes, however, and particularly those routes where light bulky cargo was carried, 
it was found difficult to load the vessels to their marks, and gradually the length of erections was 
increased until finally we had a vessel with a complete superstructure, of light scantling certainly, 
but adding considerably to the cubic capacity of the vessel ; in other words the Three Island vessel 
had become an Awning decker. ; 

The British Tonnage Laws permitted the exemption from the gross tonnage of bridge and poop 
spaces which had no permanent means of closing the openings in the end bulkheads, and this 
regulation was extended to include the shelter deck space, provided one or more tonnage openings 
were fitted in the shelter deck, freeing ports were fitted in each side of the vessel in way of each 
tonnage opening, and scuppers were fitted in the shelter tween deck discharging overboard instead 
of to the bilges. The tonnage openings were to be closed with planks and lashings instead of the 
usual hatch covers and battens. 

In practice, however, the ‘‘ temporary” means for closing the tonnage opening are generally as 
secure as a permanent hatch cover, the freeing ports are seldom free, and the drainage water from 
the tween deck space has to percolate, if it can, through a wooden plug in the scuppers. 

The result is that a large non-due paying volume is added to the ship’s capacity, the space 
being utilised for the carrying of light and bulky cargoes. It is true that the regulations provide 
for the charging of dues when the spaces are thus utilised, but I am afraid the regulations in this 
respect are seldom enforced. 

The Suez and Panama tonnage regulations differ from the British in this respect, that only 
a limited space in way of each tonnage opening is exempted from tonnage measurement, and 
consequently we find a tendency in vessels engaged on these routes to dispense with tonnage openings, 
pay the higher dues, and depend on a somewhat reduced freeboard to liquidate the loss ; in other 
words to revert to the ‘“‘ Awning deck” type. 

In foreign countries where a bounty is paid on gross tonnage, there is no inducement to cut 
it down, and consequently the tonnage opening is seldom fitted. 

In the Rules of this Society, a Shelter deck vessel is defined as a vessel having a complete 
superstructure above the upper deck with one or more tonnage openings in the shelter deck. 

Likewise an Awning deck vessel is defined as a vessel having a continuous superstructure 
completely enclosed above the upper deck. 

The terms, however, have been rather loosely applied, and while the term “ Awning deck” is 
only applied in the case of a vessel having no tonnage opening, the term ‘Shelter deck” is 
indiscriminately applied whether the vessel has a tonnage opening or not. 

This, I believe, is partly due to the fact that the term ‘Awning deck” presents a picture 
to the mind of the shipowner of the old type of vessel with exceedingly light superstructure 
scantlings, whereas the more modern shelter deck type of superstructure, being more substantially 
constructed, by a re-distribution of the material, impresses him as being much superior in design. 
The Rules of this Society as far as scantlings are concerned do not differ in the slightest degree 
whatever designation is used, and it is to be regretted that so far no attempt has been made to 
differentiate between the types, and to apply the definitions as laid down in the Rules. 


In view of the foregoing, I should perhaps substitute the word “Awning” for ‘ Shelter” in 
the title of this paper, but, following the rule of use and wont, I am applying the term “ Shelter ” 
in its broadest sense, although. my remarks will deal principally with vessels having no tonnage 
openings, and therefore the term “ Awning” is more correct: but, after all, “* What’s in a name ?” 

No type of vessel has been more severely criticised than the one under consideration, especially 
if the vessels are allowed to load deeper than provided by Table “OC”, of the Freeboard Regulations. 
They are overloaded, they are lacking in capacity (¢.¢., cubic ft. per ton deadweight), they are 
dangerous and unstable, and they are atrociously unseaworthy. Such a formidable list of charges 
might damn any type, but to-day more shelter deck steamers are being built than during any previous 
period in their history. The charges then must either be false, or at least grossly exaggerated, or 
there are mitigating circumstances. 

I propose, therefore, to examine the question in detail, and for this purpose I have divided the 
subject into three heads, viz. :— 

(1) The freeboard and strength of Shelter deck vessels. 
(2) The stability of Shelter deck vessels. 
(3) The seaworthiness of Shelter deck vessels. 


(1) THE FREEBOARD AND STRENGTH OF SHELTER DECK VESSELS. 


Regulations for the assignment of freeboards to Shelter deck vessels were first issued by the 
Board of Trade in October, 1902, and these freeboard regulations, as revised in 1906, form the basis 
of all assignments. Compared with the regulations in force prior to that date, a vessel of the- 
“Three Island” type, with erections covering about 50% of the vessel’s length, was allowed to 
load from 2 to 4 inches deeper, while a vessel of the Shelter deck type with tonnage opening was 
allowed to load from 10 to 12 inches deeper. 

Experience has shown that this deeper loading was justified, and these vessels are navigated 
with a percentage of loss certainly not higher than before, while their gross earning capacity has 
been increased, to the benefit alike of the Owners and the community. When a tonnage opening is 
fitted, the freeboard computation does not differ materially from that of an ordinary Three Island 
vessel. The standard type of the freeboard regulations is a vessel with ordinary open floors and 
shallow framing, having a wood upper deck, standard sheer, and round of beam, and a length equal 
to 12 times the moulded depth. Winter Freeboards are given for tonnage coefficients varying from 
*68 to °82. The freeboards for a flush-deck vessel of full scantling are given in ‘lable A, and for a 
vessel having a complete superstructure of standard awning deck strength in Table C, intermediate 
allowances being made for superstructures covering only a percentage of the length. 

Modern vessels of the shelter deck type, or indeed of any type, are seldom built in accordance 
with this standard. They usually have a double bottom, deep framing, a steel upper deck, excess 
sheer, and the length may vary from 8 to 14 depths or more. These factors have all to be allowed 
for in the computation, by methods which are complicated and cumbersome, and I do not wonder 
when I find that many Surveyors would rather crawl through slimy double bottoms day after day in 
search of a broken rivet or a wasted floor plate, with a candle which won’t burn, and through 
manholes which were never made for a man who loved a good dinner, than attempt to unravel these 
varied regulations, feeling certain that, in spite of all his labour, he will be a lucky man if he gets 
within a few inches of the correct figure. 

This fact, I think, accounts in a large measure for the large number of preliminary assignments 
“desired by the Builders.” 

\ With a view to establishing an International Standard, the Board of Trade appointed a Committee 
in April, 1913, and that Committee issued their Report on 8rd December, 1915, giving revised and 
up-to-date rules for freeboard assignment. The old and antiquated methods were swept away, the 
computation was made simple and direct, and but for the war would have been, I am sure, on the 
Statute Book by this time. They cannot come too soon. 

When the tonnage opening is closed with its accompaning freeing ports and scuppers, the 
question becomes more complicated. If the vessel were built of standard awning deck strength, it 
would simply be the Table C freeboard, but unfortunately there is a standard of strength for 
classification (the current Rules of the Society), and there is a standard for freeboard (Lloyd’s rules 
for 1885), and a wide gulf separates them. On the one hand there is the embodiment of modern 


practice and experience—not perfect certainly; nothing in this world is; and on the other hand 
there is a standard based mainly on wood shipbuilding methods, eminently suitable no doubt for 
its day and generation, but absolutely indefensible as a standard in modern times. Even in 1906 
considerable surprise was expressed at its introduction, and nothing can justify its retention. 

With the improvement in modern design many vessels built to the present shelter deck rules 
are quite equal in strength to the full scantling vessel of the 1885 standard, and these vessels are 
entitled to the full loading under Table A of the Freeboard Regulations. The great majority occupy 
some intermediate position, and are assigned freeboards accordingly, and only a few fall so low as 
the 1885 Awning deck standard. 

The regulations provided for interpolation between Tables A and C for vessels coming between the 
full scantling and awning deck standards, but in some vessels the compensation required on account 
of extreme proportions increases the strength of the standard awning deck vessel to such an extent that 
there is practically no difference between it and the full scantling standard, while the difference between 
the two tables of freeboard may be two or three feet. It is then rather difficult to interpolate. 

It will be readily understood, therefore, that it is impossible to lay down any simple rules for 
determining the freeboard of this type of vessel. Each case must be treated on its merits, and it 
is advisable that all cases should be submitted for consideration during the preliminary stages of 
the design. 

For the longitudinal strength, a comparison is made between the proposed scantlings and those 
required by the 1885 rules for the full scantling and awning deck classes, the strength allowance being 
determined by an 14/y calculation. 

The results are not always satisfactory, and cannot be so when the standard of strength is so 
variable ; the "/y should be approximately proportional to the draught, and not to two draughts 
separated only by two or three feet, especially in those cases where the difference between the two 
standards of strength is almost negligible. 

The 4/y or moment of resistance calculation involves a considerable amount of labour, especially 
when a large number of cases have to be dealt with, and as the assignment is generally wanted in 
the shortest possible time, it appeared to me that some method might be devised whereby the 
labour would be reduced and at the same time a result be obtained which, while not mathematically 
correct, would at least be sufficiently accurate for all practical purposes. 

With this object in view I proceeded to investigate, and have devised the following comparative 
method, by which a very close approximation can be made, the time taken for a complete comparison 
between the "/y of the actual vessel and a standard vessel of the same dimensions being only about 
twenty minutes, instead of a day or a day and a half, as required for a detailed calculation by the 
usual method. This approximate comparative method is now applied in all cases submitted. 


APPROXIMATE METHOD OF DETERMINING THE COMPARATIVE 1/y OF 
TWO OR MORE SECTIONS FOR A GIVEN VESSEL. 


Section taken through line of Hatchways. 


It is assumed tha the area (A) of a deck or other part of the structure can be represented by the 
sum of the thicknesses of the various strakes, and the accompanying Table (Table 1) gives a function (F) 
of y? for the various items. The sum of the products of AF is a function of the I of the section. 
This function is designated If These values of F have been computed on the assumption that two steel 
decks are fitted, with a tween deck height of 8 feet, and the position of the N.A. relative to the base line 
is given for this condition. ; 

The values of N.A. for varying arrangements and numbers of decks, and for varying tween deck 
heights, have also been computed. ‘These values are given in Table II., and from them the value of y 
(measured from N.A. to top of beam at side) can be obtained. 

t 
; is therefore a function of the !/y of the section. 


If a deck is lowered, the value of AF for the deck in question must be reduced in relation to the 
square of the distance from the N.A. to the actual and standard position of the deck. 


Procedure.—Calculate the I function as for a standard vessel, then correct for position of decks if 
required, and divide by y as obtained from the N.A. values in Table II. 


Note.—In computing the area factor (A) for any part of the structure (say a deck or the side 
plating), care should be taken to adopt as nearly as possible a uniform width for all strakes, in order to 


eliminate error as far as possible. 


Thus, in a deck in which the distance from the ship’s side to the 


hatch coaming is say, 11 feet, if the uniform width is taken at 4 feet, the area factor would be = 
thickness of stringer + 1} times thickness of deck plating. 

If the N.A. of the actual vessel as obtained from Table II. differs materially from the standard value 
given in Table I., the results obtained by this method would not be quite accurate, but in the average 
case the error is negligible. 


TABLE I. 


FACTORS FOR APPROXIMATE !/y COMPARISON. 
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TABLE II. 


standard of strength, depending on the length of the vessel and the draught proposed, and if this 
recommendation be adopted, the simplicity and directness which characterised their freeboard regulations 
will be realised also in the determination of longitudinal strength. The result for a given draught will 
generally be a slight reduction in scantling clear of hatchways and other deck openings, but an increase 
in way of the openings. 

With regard to the transverse strength, the problem is just as difficult, especially when we come 
to compare a large single deck ship and its long unsupported frame, with the 1885 standard frame, 
which assumed the existence of a deck every 8 feet or so. No serious attempt was made to provide 
a ready and accurate means of comparison between types so diverse, and a great deal was taken for 
granted which should have been the subject of very careful investigation. It was broadly assumed 
that any frame which complied with the current rules of the Society was equal in strength to the 
frame of a full scantling vessel under the 1885 standard. 

This assumption was, I believe, quite justified, at least until 1909, when the Rules of the 
Society were revised and a much lighter frame, especially in large single deck vessels, was 
permitted. Even in vessels built subsequent to 1909 when full loading was permitted, the frames 
appear to have been ample, as I am not aware of a single case of failure, or even partial failure, 
in the framing of any vessel, although the stress calculated on the basis of water pressure appeared 
to be excessive. This would apparently indicate that the actual stress on the frame is never so 
severe as the above calculation would indicate, and the reason, I believe, will be found in the fact 
that no account is taken of the support provided by the cargo when fully laden. 
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Very little consideration will show that this support in many cases must be considerable, and 
it is not difficult to conceive of a case in which the support of the cargo will quite neutralise the 
effect of water pressure on the outside, and even if we look upon the frame as a pillar supporting, 
in conjunction with the shell plating, the decks above, the effective length of the pillar is reduced 
considerably. In the engine and boiler space the lack of support from the cargo is amply compensated 
for by the bunker bulkheads and web frames usually fitted. It is sometimes claimed that the frames 
towards the ends of the vessel should be increased in scantling owing to their greater unsupported 
length due to the sheer of the deck, especially in modern vessels with sheer considerably in excess 
of the standard, and there may be some justification for this, although it must be borne in mind 
that the form of the frame increases its resistance to water pressure. 

One case which came under my notice in Glasgow some years ago clearly indicated that the 
actual stress on the framing of a vessel must be less than is usually assumed. A coasting steamer 
built to the Society’s classification was purchased when 8 years old by a Foreign Firm and the class 
transferred to a Foreign Registry. Hight years later the vessel was sold to a Glasgow Firm and 
submitted to survey with a view to re-classification. 

The vesse] was built with open floors and ordinary frame and reverse frame, and on examining 
the framing in the hold I was astounded at its condition. The reverse frames had almost disappeared, 
the transverse flange of the frame could have been cut up into razors, and there was scarcely an 
unbroken rivet in the beam knees, and in spite of all this wastage there was only a slight longitudinal 
buckling visible along the upper edge of the topside strake. 

The Freeboard Committee investigated this subject fully and have given a formula in which not 
only the water pressure but the load due to the cargo in tween deck spaces is accounted for, the "y of 
the frame girder being made proportional to the draught. 

The standard frame is composed of two angles of equal section, and no account is taken of the part 
played by the shell plating in supporting the frame. In comparing two frames of standard form, no 
appreciable error is introduced when the shell plating is ignored, and the comparison is simplified considerably. 
But when we come to compare two frames of dis-similar section such as a channel, a bulb angle, or a bulb 
angle or channel with reverse bar, considerable error may be introduced, and in these cases the shell 
plating should be taken into account in arriving at the equivalent standard frame without plating. 

The method of determining the 1/y required for a given draught is indicated in Figure I and Table IIT. 

The upper part of the curve of f1 values works exceedingly well in practice, and is now used as a 
guide at least in determining the strength required for the framing of shelter deck vessels. 

The f1 values corresponding to H values of say 16 and under appear to be too high, however, 
necessitating a much heavier frame than is provided by present practice. It has always been assumed that the 
frames in the smaller vessels are made much heavier than actually required, owing to the greater proportionate 
wastage by corrosion, and there appears to be no reason why these frames should be further increased, 

I have therefore suggested that these values of f1 should be amended, and also that the upper 
values of f2 should be slightly increased. These amended values are indicated in Figure I and 
Table IIL and are now being used in all computations. 


TABLE III. 
Values of f, and fg as given in Report of Freeboard Committee, and as now proposed :— 
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10 
(2) THE STABILITY OF SHELTER DECK STEAMERS. 


With a view to the investigation of the stability of a Shelter Deck vessel, when loaded to the 
draughts corresponding to the freeboards under the Freeboard Regulations for full loading and for a 
tonnage opening, a typical case was selected and the results are given in the following table :— 


Dimensions :—420 x 54°8 x 87°5 mld. to Shelter Deck. . 
Full loading. | Tonnage opening. 
Moulded dranghin sccrccefousedescencat axaach 28°46 25°6 
Moulded displacement «........seeeeeseeeee 14,500 12,930 
Moulded block co-efficient .................. 775 wird 
Weight of vessel complete.................. 3,800 3,800 
DBR WOEIO Urata .a) sett edce ert cs sas te crack scat 10,700 9,130 
RAGS of hulle ranean cetaaaervesseces 21°75 21°75 
REGO pOATO Os orenasaaaneee ers terns tae carat 23°25 23°25 
BEG of bull QO CATED cc. s.cccearacevere avs 22°86 22°8 
SEIVG Pitvectansvecs casates scuness vasecharsenr cits 23°30 22°6 
EM ORM ad ccnp ome ssstaaks avesdeershinueitsuas +°44 — 20 
Cubic capacity to Shelter Deck. 
A TGINs tats Cine cases cos tenatcateceares 566,000 566,000 
Cub. ft. per ton D.W..+....0.0.0008¢ 52°9 62° 
Bale goods cub. ft........0.s+scas-0ss 523,800 523,800 
OUD at Pen LOM LAW ivccsvacecnessve “49 57°3 


The dimensions are fairly representative of modern practice, and the vessel isof the ordinary cargo type 
with no erections on the shelter deck, the officers being accommodated in a house on the shelter deck amidships. 

The holds are assumed to be completely filled with homogeneous cargo. 

It will be observed that the difference in draught is 2°86 feet, representing a difference in deadweight of 
1570 tons, and while there is a negative G.M. of -2 feet when loaded to the tonnage opening draught, there is a 
positive G.M. of -44 feet at the deeper loading, showing a balance in favour of the deeper loaded vessels of 
*64 feet. Considering the question of initial stability only, a further increase in draught means an increase 
in the value of G.M., and the maximum value will be reached just before the deck becomes awash. 

This will be readily understood if we consider the form of the metacentric curve. At light draughts 
the metacentre is comparatively high, its value decreasing as the draught increases, until in a vessel of 
ordinary form and proportions it reaches its minimum value at a draught corresponding approximately to 
*4 of the beam. Beyond that point it gradually increases again, and will continue to increase until the 
deck is just awash, and if the depth were increased indefinitely, the curve of metacentres would gradually 
merge into the curve of vertical centres of buoyancy. 

The tonnage opening draught in the case under consideration is equal to *467 of the beam, and at full 
loading is *519 of the beam. It will be seen, therefore, that in both cases the critical draught (=-40 of the 
beam) has been passed, and every increase in draught means a corresponding increase in the initial stability. 

The metacentric and displacement curves are given in Figure II. 

Consider now the question of statical stability under both conditions (the curves are given in 
Figure III). In the fully loaded condition the maximum righting arm is equal to “44 feet at an angle of 
about 35°, and the angle of vanishing stability is about 60°. 

In the tonnage opening condition there is a negative arm up to an angle of 12°, the maximum 
righting arm is ‘76 feet at an angle of about 45°, and the angle of vanishing stability is about 68°. 

It will be observed that at large angles of inclination, the conditions are all in favour of the tonnage 
opening vessel, and this is to be expected owing to the higher topsides, but at angles up to 26° the 
conditions are all in favour of the deeper loaded vessels, and when a vessel rolls beyond this angle, it is 
time to send out the 8.0.8. signals. 

I do not suggest that the vessels are sea-worthy with the metacentres and righting arms given above. 
I do not think they are, but these conditions represent probably the worst condition of loading. In the 
great majority of cases, the centre of gravity will be lower, giving a greater value of G.M. and righting arm. 

But I do say that whatever the position of G., the advantage, within working limits, is all in favour 
of the deeper loaded vessel. 


4HEQCAS 


: 
, 


o§- 


A 2d 


s. 57 see 
0006 WIITTISSIO OL 


iS/ O02f/ OO0ES7 CFO O9O7/ C2007 


wh Seis 


: 
| 
al 
LIZIN LH. 


i 
hae 


FIGURE ZiZ. 


12 


70 


AUGH?. 


ve ae OMA 


& Me 


<4 
DEGREES or INCLINATION. 


7S 


RIGH TING 
ARNG 
SO 
2s 


18 


I have now only to consider the third division, viz. :— 


38.—The Seaworthiness of the Shelter Deck Vessel. 


Seaworthiness in any vessel may be defined as that condition or property which enables it to cross 
the ocean with the minimum risk to life and cargo. To achieve this end it is necessary to provide a 
sufficient height of platform to enable the ship to be navigated in safety, and to prevent heavy seas from 
breaking over the vessel and damaging the decks, hatches and deck gear, and to provide sufficient reserve 
buoyancy to give “life” to a vessel and prevent it from floating dead as a log in a seaway. 

Considerable sheer at the ends, or the provision of a forecastle and perhaps also a poop, may go a 
long way towards the fulfilment of the first condition, but freeboard amidships is also required to fulfil 
the latter condition. No scientific investigation can solve this problem, the conditions are so varied, and 
we must rely on that invulnerable bulwark, practical experience. 

There are over 1,000 awning and shelter deck vessels classed in the Register Book. Of this number, 
about 600 have no tonnage opening and may be loaded to somewhere between Tables A and C. The 
behaviour of these vessels, compared with that of the vessels which have tonnage openings and whose load 
draught is a few inches less than Table C, provides the most valuable evidence, a perusal of which will 
clearly demonstrate the danger attending the deeper loading. 

Case after case has been reported of serious deck damage, fittings carried awav, hatches stove in, 
water constantly breaking on deck and jeopardising .the vessel and its cargo, and, most serious of all, 
endangering the life of the crew. 

In December, 1916, the Board of Trade, at the instigation of the Shipping Controller, and after 
consultation with the Assigning Authorities, issued a circular having for its object the deeper loading of 
shelter deck vessels, in order to increase the carrying capacity of the country’s tonnage in view of the 
serious loss caused by the depredations of the enemy submarines. The reception accorded to this proposal 
by the Ship Owners was neither enthusiastic nor encouraging ; the majority were strongly opposed to it, 
a number absolutely refused to support it, and some, while agreeing to the deeper loading, expressed the 
view that the increased deadweight carried would not compensate for the loss in speed, increased coal 
consumption, and the reduction in the number of voyages per year. 

This was the crux of the whole matter, and I firmly believe that, although the deeper loading was 
assigned to about 100 British vessels, not one additional ton of cargo was brought to the country. 

The draught passing through the Suez Canal and also at many of the South American Ports 
is limited; the vessels engaged in these trades prior to the war could not load down to their marks, 
and it is perfectly obvious that raising these marks to the top of the funnel would not enable a vessel to 
pass over a 20-foot bar when drawing 20 feet 1 inch. 

Ship owners, like most of us, I am afraid, are business men first and patriots afterwards, and where 
a vessel is chartered on gross tonnage, it is a comparatively easy matter to increase the earning capacity of 
a vessel by closing up the tonnage openings, sometimes without altering the freeboards, and adding from 
500 to 1,000 tons to the gross tonnage without carrying one extra ton of cargo. 

It should also be mentioned that in designing a vessel having a tonnage opening and primarily 
intended for cargo carrying purposes, the propelling space is only made large enough to obtain the 
82% deduction allowed under the tonnage regulations, and if the tonnage opening is subsequently closed 
in order to obtain deeper loading, the tonnage of the shelter deck space is included in the under deck 
tonnage of the vessel, and the full benefit of the 82% reduction cannot be obtained. 

The shelter deck vessel is designed primarily for the carriage of bulk cargoes requiring a large cubic 
capacity per ton deadweight, and when restricted to the loading permitted by Table C is an admirable 
type in every respect. But to load such a vessel from two to three feet deeper, adding from 1,000 
to 1,800 tons to the deadweight without providing one additional cubic foot of capacity, is to destroy 
every good feature in the design. 

In the case investigated, the capacity in cubic feet per ton deadweight was reduced from 62 to 52:9 
for grain cargoes, and from 57°3 to 49 for bale cargoes. — It is evident, therefore, that with many cargoes 
the holds will be full before the vessel is fully immersed, and the reason why these vessels have escaped 
serious damage is to be found in the elementary fact that they are seldom, if ever, fully loaded. 

It will be observed that the objections which I have raised to the deep loading of shelter deck 
vessels apply equally to the full scantling flush-decked vessel. Externally they are identical, and 
the only difference is that in the case discussed the shelter deck vessel is about 150 tons lighter than 
the full scantling vessel. 
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The moulded draught corresponding to the freeboard computed under the regulations recommended 
by the Freeboard Committee for a full scantling flush-deck vessel would be 27°9 feet instead of 28°46 feet, 
as computed under the present regulation a reduction of *56 feet. This is a step in the right direction, 
but I feel th t a greater restriction should be imposed unless additional protection is provided by fitting 
a forecastle,aand perhaps also a poop, on all flush deck vessels. The rules of the Society now require 
a forecastle to be fitted, or the sheer increased where deeper loading than that permitted under 
Table C of the freeboard regulations is desired. 

My views on the shelter deck vessel may be summarised in one sentence. 

It is amply strong both longitudinally and transversely for full loading ; there is little to choose 
as regards stability between Table C and full loading, the advantage within practical limits being with the 
deeper loaded vessel ; but, with insufficient height of platform and lack of efficient protection at the ends 
of the vessel, but principally at the forward end, to load the vessel to Table A loading is to court 
disaster. 
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DISCUSSION ON MR. W. WATTS PAPER 


ON 


“THE FREEBOARD, STABILITY, AND SEAWORTHINESS 
OF SHELTER DECK STEAMERS,” 


Mr. C. Fow.ine, 

The early shelter deck vessels were not designed with the purpose of carrying cargo in the shelter 
‘tween deck, they were intended for carrying cattle on the upper deck, and the shelter deck was intended 
as a shelter to protect the cattle from the weather, hence the name “ shelter deck.” 

In some of the earliest of these the shelter deck was constructed by filling in the “ wells” between 
poop, bridge, and forecastle, with a light structure having steel frames and beams, the sides being planked 
up with wood and a wood deck laid on the beams. 

These vessels were noted in the Register Book as having poop, bridge, and forecastle, or as the case 
may be, and part shelter deck. 

In some flush deck vessels light wooden structures for the protection of the cattle were fitted all 
fore and aft. 

But this is all ancient history, the shelter deck, so far as it was a shelter for cattle, came to an end 
when the Government stopped the importation of live cattle, and only allowed the meat to be brought 
across the Atlantic in the form of carcases. 

The development of the shelter deck vessel after this was fairly rapid until the shelter deck became 
what it is now—an integral part of the ship’s structure. 

This development is only a case of history repeating itself, for the same thing occurred in spar deck 
vessels, where the spar deck beginning first as a light superstructure, ultimately became, like the shelter 
deck, an integral part of the ship. 

Mr. Watt states that “ In the Rules of this Society, a shelter deck vessel is defined as a vessel having 
a complete superstructure above the upper deck with one or more tonnage openings in the shelter deck.” 

It would have been better if the Rules had stated this, as it would then have made a definite 
distinction in the Rules between a shelter deck and an awning deck, which distinction does not exist there 
at present. It were better if the term awning deck were dispensed with, and the name shelter deck 
applied only to vessels having tonnage openings. 

The definition which Mr. Watt quotes is not contained in the Rules, but is attached to one of the 
sketches in the beginning of the Register Book which are intended to illustrate the different types of vessels. 

Mr. Waitt has dealt very fully with the subject of shelter deck vessels, basing his remarks mainly on 
those which on account of their strength, as compared with the 1885 standard, are allowed to load below 
the Table C line. 

He has considered them under the headings of (1) Freeboard and Strength (2) Stability, and 
(3) Seaworthiness. I do not think he could have divided his subject up better. 

So far as their strength is concerned, we used to hear all sorts of remarks as to these vessels being 
wanting in strength both transversely and longitudinally, but the reports received of them when on service 
did not bear out these remarks, and it is satisfactory to note that Mr. Watt from his investigations has 
arrived at the conclusion that shelter deck vessels are amply strong both longitudinally and transversely 
for full loading. 

As to the question of longitudinal strength, Mr. Watts states, on page 7, that one of the results of 
the recommendations of the Freeboard Committee will be generally that for a given draught a slight 
reduction will be made in the scantlings (presumably of decks) clear of hatchways and other deck openings, 
but an increase in way of the openings. 

In connection with this we must not lose sight of the fact that where buckling of the deck has 
occurred it has usually been found to be between openings, er between an opening and a house, and not 
in way of the openings. 

it is mainly on this account that upper decks are required by the Rules to have intercostal girders 
fitted under them between the coamings of hatchways, engine and boiler openings and deckhouses, where 
these come fairly close together. 

There is no doubt that the vessel in way of the openings receives some additional strength from the 
deep hatch side coamings that are fitted, which act as girders, and which have more effect for local 
stiffness than would be provided by a slight increase in the thickness of the deck plating. 
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With regard to transverse strength Mr. Watt refers to the reduction made in the frames, especially 
of large single deck vessels, in 1909. There certainly was a substantial reduction made in the frames of 
large single deck vessels at that time, and that reduction might have been made even greater, as the 
framing of these vessels if made wp of heavy channels and reverse frames, as required by the Rules, is 
still unduly heavy. 

If one makes an ordinary calculation of the stress on these frames at the ends of the vessel where 
they are of increased length owing to the rise in sheer, this stress certainly appears to be excessive, but 
that the frames are able to do their work .satisfactorily—and Mr. Watt says that they have—is due, in 
my opinion, more to their curvature than to the support they receive from the cargo in the holds, as these 
vessels have at times to run in ballast condition when there is no cargo in the holds, or they may be 
loaded down with heavy cargo, such as ore, very little of which reaches to the sides of the vessel to give 
the frames support. 

Next, as to stability, Mr. Watt has shown in his comparative curves of stability under different 
conditions of draught, thar taking the vessels as full of homogeneous cargo and loaded to their assumed 
draughts, the vessel with the deeper loading has more stability at all angles of inclination up to about 26°. 
That is for a vessel rolling through an are of 52°, and it is not often that this is exceeded or even 
reached, although one hears strange tales at times. 

For greater angles of inclination it is but reasonable that the vessel with the greater freeboard will 
have the greater stability. 

The question of stability is, however, affected by the disposition of the cargo in the holds, which is 
more often of a mixed character instead of homogeneous, as it generally includes goods of varying 
densities and weight, upon the suitable arrangement of which in the holds depends to a great extent the 
stability and behaviour of the vessel at sea. 

Mr. Watt deals lastly with the question of seaworthiness, and this is a most important matter, for 
although the vessel may have an excess of strength and ample stability, yet if she is deficient in 
seaworthiness, trouble is bound to result. 

In the case of a vessel built with a tonnage opening and which at some time during her life has the 
tonnage opening filled in, resulting possibly in her loading, say from two to three feet deeper, it can be 
readily understood that she will probably be deficient in engiue power for the increased displacement, and 
will be less seaworthy and much more difficulé to handle in a seaway than when she was running at the 
lighter draught for which she was originally constructed. The vessel is in fact doing work for which she 
was not designed. 

When a vessel is intended from the first to have no tonnage opening, the additional engine power 
required for the deeper immersion can be provided, but in that case it becomes necessary, owing to the 
reduced height of platform, to increase the strength of the deck openings and provide further means of 
protection by increased sheer or by deck erections, and the Rules, as Mr. Watt points out, have recently 
been amended in this direction. 

The fitting of erections on a shelter deck, however, raises another question, these erections may 

ssibly allow of the vessel loading still deeper, and it becomes advisable to consider whether some 
additional strengthening of the main structure does not in these circumstances become necessary. 

And so we goon. ‘There is no finality in ship construction, and it is well that it should be so. The 
owner requires increased carrying power and the builder does his utmost to meet the owners wishes by 
devising new arrangements of material which will allow of reducing weight without lowering the 
structural strength. 

It is, however, impracticable to have an ideal deadweight ship and an ideal capacity ship in the one 
structure, and unless a vessel is designed for a known trade all that can be done is to effect a compromise 
between deadweight and capacity. 

As Mr. Watt points out in the case he deals with, the effect of increasing the draught is to reduce 
the cubic capacity from 62 cubic feet to 52°9 cubic feet per ton deadweight, which certainly was not the 
result for which shelter deck vessels were designed. 


Mr. B. J. Ives. 


The conclusion arrived at, that with insufficient height of platform, to load to Table A is to court 
disaster would, since the author is satisfied with the strength and stability of the vessel, necessarily be 
based on the question of seaworthiness of the vessel, and since 60 per cent of the type have the deep 
loading, and as cases of serious deck damage have occurred, it would be interesting to lowe some ratio in 


regard to damage of ships having freeboards between Tables C and A, and of the shelter deck type with 
freeboard below C. 

The author, however, states that the reason why these vessels have escaped serious damage is to be 
found in the elementary fact that they are seldom, if ever, fully loaded, and while no doubt the non- 
loading of the vessels to their marks would be conducive to damages being reduced to a minimum, I 
should like to suggest that a more potent reason is to be found in efficient seamanship. 


In discussing with the owners and captain of one of these deep loading shelter deck vessels, the 
loading of his ship, he stated that he generally loaded down to his marks with gen ral cargo. He gave 
it as his view that the question was one entirely of seamanship, and that any officer inexperienced in 
seamanship would, in all probability, quickly have a bad record of damages agaiust him. 

In any case, if I read the paper correctly, while no serious damage has been experienced, there have 
been cases of deck damages, but I doubt whether the record is appreciably worse than with ships of other 
types 1 proof would be whether the underwriters have differentiated in the premiums in regard to 
these ships. 

Where a bounty is paid on gross tonnage, there is every inducement for an owner to dispense with 
the tonnage opening ; the measuring of tonnage by the Suez Canal and Panama Canal Authorities is also 
an inducement towards the non-provision of these tonnage openings, and it is submitted that any ection 
which tends towards the non-fitting of these openings, with their scuppers and freeing ports, is to be 
looked at with favourable eyes. 

The action of the Government in loading vessels of the open shelter deck type down during the war, 
is hardly a fair criterion, as the vessels were not designed for the deep draught and were consequently of 
bad form and wanting in power. It is the old argument of the vessel with ‘77 coefficient being 
economically a more efficient ship than a ‘79 vessel. 

Now, while the author starts from the point of view of a vessel having a tonnage opening in which 
the propelling space is only made large enough to obtain the 32% deduction under the tonnage 
regulations, obviously, if the tonnage opening is closed and the tonnage of the shelter deck space 
measured in, the full benetit of the 32% allowed cannot be obtained, but this only shews the restrictions 
and untairness of the tonnage laws, as to get the same benefits, the deep loading shelter deck ship would 
require to have the machinery space made larger, thus making the space available for cargo in holds less, 
which except for the operation of these tonnage laws, would not be necessary. 

It is a strong argument in favour of the revision of the Tonnage Laws and until this is done, the 
shipowner, with vessels of the shelter deck type, will not obtain the full benefit which the administration 
of the Freeboard Tables gives him. 

Further, in view of the great development of oil burning and the possibilities of double bottoms 
being utilised for carrying the oil, the space now occupied by coal bunkers would be available for cargo 
and this also brings increased capacity. 

The shelter deck ship of the deep loading type has undoubtedly suffered by the steps of its evolution 
growing up from the 3-island type, but if, in the assignment of its loading, it suffers from insufficient 
height of platform, it follows that the full scantling ship without erections as provided for by the 
Freeboard ‘Tables has also insufficent height of plattorm. 

There is, however, the other type of vessel I should like to touch on, viz :— the 3-island type. ‘The 
Load Line Committee in their examination into freeboard found that this type of vessel with long 
bridges was the best. 

Since the evolution of the shelter deck provides for different load lines depending on the efficiency 
and strength of the superstructure, there would seem to be no good reason why a superstructure of the 
character of the long bridge which enters fully into the strength of the ship and has the same ratio from 
a reserve buoyancy point of view, should not be similarly treated. If these vessels obtained a benefit in 
loading when the openings in them are permanently closed, there is no doubt that the tendency to build 
shelter deck vessels for trades where all space is measured into tonnage to the detriment of the 3-island 
type would be removed. 

I have always held the opinion that with long central erections of sufficient length to be considered 
as the strength deck of a ship, and whose openings are permanently closed, such vessels should be allowed 
to load to a deeper load line than those with openings temporarily closed, and I trust that the author will 
be persuaded on another occasion to give the Association a paper on the freeboards of vessels of this type, 
bearing in view the development which has taken place in the shelter deck type. 


Mr. J. D. Marzs. 

I have read, with much interest, Mr. Watt's paper on the “ Freeboard, Stability, and Seaworthiness of 
Shelter Deck Steawers,” and have to congratulate bim on the way he has treated this subject. 

As Surveyors, we are most interested in the first part of the paper; the 2nd and 3rd parts are more 
for the consideration of the Shipowner. 

With regard to the first part of the paper, I endorse what Mr. Watt says respecting the so-called 
‘Shelter deck vessel without ‘Tonnage Opening,” and think it would be much better if this title were 
confined to shelter deck vessels with one or more tonnage openings, as originally intended. For vessels 
of this type we know where we are, and there is no difficulty in arriving at the Freeboard of such a 
vessel ; but when no tonnage opening is fitted, it is a very different matter, and the Outport Surveyors are 
unable to advise the builders within, say, a foot of what the freeboard is likely to be, as they have not 
the time at their disposal to make comparative strength caleulations with the Standard 1885 vessel. 

The method put forward for making an 1/y comparison will certainly simplify the calculation, and 
will no doubt give good results. In making this comparison, there is one question I would like to ask, 
and that is, in the case of a so-called “Shelter Deck vessel without Tonnage Opening ” and having a 
bridge of moderate length, should a corresponding bridge be assumed to be fitted to the Standard 1885 
vessel, or would the comparison be made clear of the bridge and with a flush deck Standard vessel. 

With regard to the comparison for transverse framing, [ quite agree that when the sections are 
dissimilar, the shell plating should be taken into account in each case. 

The 2nd and 3rd parts of the paper, as I have said, concern the owners mostly, but as homogeneous 
cargoes are not usually carried, I think the comparison of stability will be greatly in favour of the shelter 
deck vessel with tonnage opening and correspondingly less draught and greater seaworthiness from 
the point of view of height of platform. 

Mr. Watt refers to the recent requirements of the Rules for the fitting of a forecastle on shelter 
deck vessels without tonnage opening, or for the sheer to be increased. I have been asked the question 
as to what extent the sheer would require to be increased. The Load Line Committee in their proposed 
new Rules require the standard mean sheer to be increased 8’’ when no forecastle is fitted; this at first 
sight does not appear much, but when it is remembered that the new mean sheer is only } of the mean 
of the sheer at ends provided the sheer is gradual, it would mean that the mean sheer at ends would have 
to be increased 48’, or, say, the sheer forward increased 64/’, and the sheer aft 32”. I should like to 
know if such an increase is contemplated when no forecastle is fitted. 

If all the increase in sheer is added to the fore end, it would not comply with the new Load Line 
proposals that the sheer forward should be twice the sheer aft. 

I again thank Mr. Watt for his very interesting paper, and wish the Association every success. 


W. M. Baurour. 


I am sure we are all very pleased that the first technical paper to be read before our Association has 
been given by our President. ‘The subject he has chosen is one of very great interest at the present time 
and one with which he is very familiar. 

The approximate method detailed in the paper of calculating the modulus of section is most valuable, 
and the Author is to be congratulated in reducing a rather laborious calculation to one taking 20 minutes. 

The first point I would like to refer to is the suggested alteration to the Load Line Committee’s 
coefficients in the formula for transverse strength. These coefficients were obtained by plotting the 
modulus of section of the frame girder for four registration Societies on a base of “K” for constant H 
values and cross fairing on a base of H? for constant “ K.’ The frame considered in all cases was of the 
frame and reverse frame type and one of the reasons for the suggested change is I think the difficulty 
of determining a frame equivalent to the standard. In the lower limits the frame and reverse frame is 
amply strong but is lacking to a considerable extent in rigidity, and if the modified coefficients be used 
for the standard frame as defined in the Load Line Report I do not think it will give a frame of sufficient 
stiffness. 

I would suggest, therefore, instead of altering the curve of “ f,” values that a table of equivalent 
frame sections be made out taking into account equal stiffness in the lower limit, equal strength in the 
upper, and in the case of channels fitted with reverse bars both strength and stiffness. 

There is a further point which may cause a slight difficulty, the strength of the frame was calculated 
by taking account of the “turned up” part of the floor at the bilge. It is now very customary to fit 
floors straight across and in such cases the floors are usually increased in depth, but would it not be better 
to keep the floor at the rule depth and increase the frame scantlings ? 
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With regard to the stability, the Author takes a very particular type of loading and bases a general 
statement on it, and I would therefore take exception to the concluding sentence on Page 10. Under 
normal working conditions the deeper loaded vessel will, I consider, have less initial stability, and, till 
the deck edge is under, less dynamatical stability. 

Under seaworthiness the Author makes out a very strong case indeed against the deeply loaded flush 
deck vessel. At the forward end, the height of platform above the sea is a most important factor to 
ensure seaworthiness. 

The Author in his concluding paragraph made a general statement, but with regard to the transverse 
and longitudinal strength it is very difficult to judge as the data available is not too plentiful. Trans- 
versely a shelter deck vessel with a tonnage opening is relatively weaker than the full scantling vessel. 

If the shelter deck vessel be loaded down she will be still weaker, but whether she will have 
sufficient strength is a debatable point. 

In the Load Line analysis the full scantling vessels were taken as the guide for transverse strength. 

Longitudinally I do not think that a deeply loaded shelter deck vessel about 380 feet to 400 feet in 
length is fit for the North Atlantic winter trade carrying a full dead weight cargo even if a forecastle be 
fitted to make her seaworthy. 


Mr. R. M. McLaren. 


Shelter deck steamers, as Mr. Watt has said, were introduced to carry light bulky cargoes, but we 
find that at the present time they are used as bulk oil carriers, and even for the heaviest of cargoes, such 
as iron ore. 

The modern tendency is to fit erections on the shelter deck, and there have been received proposals to 
build a so-called “ Shelter decker” having P. B. & F. covering 75 per cent. or more of the vessel’s length. 

It would seem that if encouragement were given to such proposals, in course of time the erections 
would be joined, and then we should have “super-shelter deckers.” 

The significance of the term “shelter deck” has changed altogether, and no longer does it describe 
the type of ship formerly identified with it. 

There are instances where the shelter deck is situated 16 to 18 feet below the top strength deck 
amidships. This is done in order to adapt the present method of computing scantlings to the cases of 
large passenger steamers having up to six or more steel decks. No one going on board such a vessel could 
possibly tell from inspection which deck was the “shelter” deck. Even from the plans one could not 
confidently indicate this deck if its name were not written thereon. 

Therefore the term ‘“ shelter deck” is now a misnomer, and I cannot see any advantage in retaining 
it. If a reduced draught is desired, the scantlings might be decreased accordingly, and the vessel could 
be described, as under Section 2, paragraph 5, 100A- * with freeboard.” A notation could be made to 
indicate if a tonnage opening were fitted, 

Mr. Watt speaks of a case in which the framing of an old vessel had so worn away from 
corrosion that little of the original fabric remained. Yet only the slightest deformation had resulted. 
Such cases are by no means rare, and I am sure that Surveyors on repair work are frequently surprised to 
find that though the frames have been almost entirely eaten away, the form of the hull does not seem to 
have suffered appreciably. 

In connection with the strength of side framing it might be mentioned that many repairers consider 
it unneccessary to strap reverse frames which have been cropped in order to be faired or renewed. A plain 
piece of packing fitted over the butt of the bar is considered almost a work of supererogation. It would 
be a kind of heresy to leave the frame bar unstrapped, but anything is good enough for the reverse bar ! 
Actually the reverse frame is the more important member of the girder, and it should be efficiently 
connected at the butt whatever is done to the frame. 

From the instance quoted by Mr. Watt, he concludes that the calculated stresses on the frames are 
in excess of those met with in service. I am quite of the same opinion, but I would point out that the 
support afforded by the cargo to the frames cannot always be counted on. The one web frame usually 
fitted in say, 50 ft. machinery space, does not strengthen the framing generally in the space. Also in the 
vase of iron ore carriers, the frames receive no internal support. It is true that Owners generally fit 
additional strengthening to the side framing in ore carriers, but this is not always done. 

In spite of Mr. Watt’s conviction that the framing, as ordinarily fitted, is amply strong for its work, 
yet he is cheerfully prepared to increase a proposed vessels’ dranght, other things being equal, should half 
an inch or even less be added to the original size of the frame. Reconciliation between Mr. Watt’s views 
and practice seems difficult to establish. 


I note with surprise that Mr. Watt has such a poor opinion of the patriotism of his countrymen, 
alleging that they: put business first, but I am sure that Mr. Watt’s real opinion of the 1885 Rules, as a 
standard of strength (though he adheres to these rules in calculating freeboards) is on no higher a plane. 

Mr. Watt has earned the thanks of us all for his very able and instructive paper. 


Mr. A. G. AKESTER. 


It is with a good deal of temerity that I venture to criticise such an authoratative paper as the one 
which has just been read. 

Before doing so, however, I should like to say that I feel on absolutely firm ground in congratulating 
Mr. Watt on the excellent and clear way in which he has set this involved subject before us. 

While listening to the paper, and in reading it over before the meeting, three points seemed to stand 
out more than the others, via :— 

(1) That the shelter decker, as we know it, is really a misnomer. 

(2) That without much, if indeed any, addition to strength, a shelter deck vessel having 
tonnage opening can gain considerably in draught by permanently closing this opening. 

(3) The necessity for the speedy adoption of the 1913 Freeboard Committee Rules and 
Standards. 

It seems incredible that mcdern practice should be dependent on rules made 35 years ago, That it 
is so must account for many anomalies. 

I have been greatly interested in the description of Mr. Watt’s contracted method of approximating 
to a modulus of section for purposes of comparison. In Table I. I notice that the function of Ay? for the 
first deck stringer and plating is constant for the range of depth taken. [ should like to ask Mr. Watt 
whether there is any special reason for this consistency when there are such marked differences in all the 
other functions. 

Turning now to the question of transverse framing, I may say that considerable investigation into 
this subject has been made basing upon the Freeboard Committee’s standard frame formula. 

Comparative results have been obtained in the cases of full scantling vessels and complete super- 
structure vessels for variations in 2 and © ratios, within wide limits. These '/y values have been plotted 
against transverse numbers (i.e. B+D) for ranges of “d” between 8ft. and 26ft. The effect of varying 
length of erections has also been tried. 

It was found to be generally possible to draw fair curves through the "/y values so obtained, except 
where “d” fell below 14 ft. and here, in the higher limits of B+ D, the curves crossed each other, and 
in the lower limits gave values considerably greater than the present Rules of Lloyd’s Register. 

The modified values of f, and f,, indicated by Mr. Watt on page 8, were found to give frame 
sections more consistent with present day practice. 

Regarding the stability of shelter deck vessels, I do not think a very fair comparison has been made 
in the examples given. Since there is the same hold capacity in both cases, and a difference in deadweight, 
it follows that the homogeneous cargoes are of different density, and a comparison on this basis is, to my 
mind, almost tantamount to comparing, say the stability of a vessel carrying iron ore with one having a 
cargo of cotton. The disparity in density is greater here it is true, but the principle, or rather the lack 
of it, appears the same. If the shelter deck vessel having the tonnage opening were loaded with a 
homogeneous cargo of density 52°9 cub. ft. per ton instead of the 62 assumed, it is readily seen that only 
about half the ’tween deck space would be required, in which case the ©.G. would be reduced about 2 ft. 
and the metacentric height, instead of being negative, would be much greater than that obtaining in the 
other vessel. 

{ should further like to ask Mr, Watt whether, in working out the stability of the shelter deck vessel 
having a tonnage opening, this tonnage opening was taken as being closed or not? In the latter case, of 
course, soon after the deck edge was under water the bouyancy of the "tween decks would be destroyed, 
and one might have expected the range of stability to be rather less than is shown in Curve “A,” fig. 3. 

With these few remarks I think it best to return again to firm ground, and, if I may, thank Mr. 
Watt for what has been to me a very instructive and helpful paper. 


Mr. W. THomson. 


The shelter or awning deck steamer, with and without tonnage openings, with its intricate problems 
of tonnage and freeboard, may present no difficulties to those who have been in a position to follow the 
development of the type, but to those who have not had such an advantage, it has always been rather a 
mystery to discover the basis on which freeboards have been assigned, particularly in the case of vessels 
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which have the same height of platform, and, except as regards designation, are to all intents and 
purposes similar ships. 

Mr. Watt in his paper has, to a certain extent, raised the veil of mystery with which the subject has 
been surrounded, but [ am surprised to find that the standard for longitudinal strength is the 1885 Rules, 
while for transverse strength, the standard is the Load Line Committee formula of 1916. With the 
modification to that formula suggested by Mr. Watt, I am in hearty agreement, but it appears to me that 
a combination of ancient and modern standards is a somewhat indefensible one, and I would be glad if 
Mr. Watt would explain how such a practice is justified. i 

Mr. Watt has also expressed the view that it is not possible to take advantage of the full loading of 
closed shelter deck vessels, but he seems to answer his own objections by stating that shelter deck vessels 
are primarily intended for the carriage of bulk cargoes requiring a large cubic space per ton deadweight, 
because it naturally follows that if an owner has a heavy cargo he is unable to fill his ship unless he gets 
an increased draught. : 

So far as I know most owners of vessels of this type endeavour to secure the maximum permissible 
draught, from which it might be inferred that there are many cases in which the increased draught can 
be employed. 

I think it would be an improvement if the author would give fuller information on the question of 
deck damage, particularly if he could give some comparison of the relative damage sustained by closed 
shelter deckers and full scantling flush deck vessels. 

Certainly the statement that to load a flush deck vessel to Table A is to court disaster seems to cast 
serious reflections on those responsible for the Freeboard Tables and must be supported by convincing 
evidence before it is accepted as final. 

Mr. J. 5S. ORMISTON. 

1 have read our President’s paper with pleasure. I think we are greatly indebted to Mr. Watt in 
giving us such a topical treat for the first technical paper of the Association. 

The so-called shelter deck vessel is a well known type now-a-days, rivalling, one gets the impression, 
in popularity as a cargo carrier the familiar 3-island vessel. One thing is certain, the modern 
shelter deck vessel provokes more discussion and careful thought than does any other type. 

There are one or two observations which I should like to make and questions which I should like to 
ask in connection with the subject matter of the paper. 

The author of the paper in the table on page 10 gives us a comparison of the stability of a shelter 
deck vessel with and withont a tonnage opening. He arrives at a conclusion based on an assumption 
that in each case a homogeneous cargo is carried. Now with this assumption [ cannot agree ; I do not 
think it reflects the usual conditions of service of two such vessels. Moreover Mr. Watt near the 
commencement of the paper states that a “large non-due paying volume is added to the ship’s capacity, 
the space being used for the carrying of light and bulky cargoes.” With this statement I agree and it 
would lead one logically to the conclusion that the centre of gravity in the shelter deck vessel with 
tonnage opening will be lower relatively than in the case without tonnage opening. Moreover the loaded 
down shelter deck vessel is likely to have some tumble home at her load water plane while the tonnage 
opening vessel is not likely to have any at hers. Jointly the effect of these two considerations will be 
that the shelter deck vessel with tonnage opening fitted will have the greater initial stability and not, as 
is stated in the paper, the loaded down shelter deck vessel; also the former will have much greater range 
of positive stability than the latter. 

It is interesting to note Mr. Watt’s method for rapidly calculating the Flexure Modulus of the 
Section Girder of a vessel. This seems very valuable and must have entailed a great amount of 
investigation. 

It might be of interest to mention the following expression which I have deduced in order to make 
a close approximation to the 1/y of a ship’s transverse section. Commonly one finds that the neutral 
axis or axis of zero strain for bending is at about forty per cent. of the moulded depth to top strength 
Deck above the base line, 7.e. above top of keel. ‘This is so for most vessels of between 300 to 500 feet 
and often outside these limits. Assuming this the l=)? [-36 F,, + +16 F,, + °093 A,] and dividing 
by °6D we obtain the */y, In this expresssion— 

D = Depth moulded in feet to top strength deck. 

F,, = Sectional area (sq. ins.) of top strength deck. 

F,,, = Sectional area (sq. ins.) for bottom (¢.e. bottom plating plus flat plate keel). 

A, = Sectional area of web of girder (¢.e. of all side plating taking sheerstrake and strake below as 
being same thickness as side plating ; any excess include an F, with deck plating). 
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This gives the 1/y for what might be called the skeleton essentials of the girder. Second decks, 
inner bottom and double bottoms, é.e. centre girder, margin plate and angles, etc., being items which can 
be added simply as product of their sectional area and squares of their distances from the N.A. For 
variations in the position of the N.A. I show a diagram giving corresponding co-efficients for F,,, F,, and 
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As a check to a detailed calculation the above expression would be useful ; also for different sections 
and proportions, positions of N.A. are usually known and having a curve of these one could obtain the 
I/y very rapidly. 

The formula is useful in drawing attention to a fact sometimes lost sight of, namely the relative 
contribution to strength of the various parts of a ship's section. For vessels of from 350 to 450 ft., for 
example, F,,, F,,,, and A,, together contribute on the average eighty per cent. of the total 1/y value ; for 
any particular case the amount can be obtained to within two per cent. of the exact value. 

With regard to stresses on side framing I am not of the opinion that ordinary cargoes afford much 
support to the side framing. The elastic deflection corresponding to a stress intensity of 6 or 7 tons per 
sq. in. would not I think, be affected by support from ordinary homogeneous cargoes. Rather do I 
believe that the solution of stresses in the side framing is to be looked for in a re-consideration of the 
conventional Bending Moment Coefficients sometimes used and which do not appear to me to correspond 
to those which must obtain in an elastic riveted structure such as a ship and having regard to her motions 
when in a seaway. A similar case to the one stated by the Author came a little time ago within my 
experience. This vessel was about 100 ft. long and 11 ft. 6 ins. depth. Her reverse frames were almost 
entirely wasted away, she had no pillars and only one bulkhead; she was fifty years old, of iron and 
there was not the slightest sign of trouble anywhere. I think stresses on the side framing of ships are 
usually over estimated. 

With regard to the seaworthiness of shelter deck vessels, I should like to ask Mr. Watt if the fitting 
of a forecastle only in loaded down shelter deck vessels has led to an important reduction in the amount 
of deck damage sustained ; this would be interesting to know. 

I am inclined to be in accord with Mr. Watt where he says that the shelter deck vessel is amply 
strong both longitudinally and transversely for full loading, subject to the reservations that probably an 
increase of sectional area should be provided abreast cargo hatchways and machinery openings on the top 
strength deck. 

In conclusion, I would like to add that from the point of view of the Naval Architect it is a great 
pity that the existing British Tonnage Laws for shelter deckers should still be in force. The only logical 
method of arriving at the scantlings of a vessel is by measurement of numerals to the top strength deck 
but so long as “tonnage openings” exempt between deck spaces, so long I suppose will shelter deck 
vessels be built. 

I again express my pleasure in this very important paper. 


Mr. E. W. Biocksipe@er. 


In considering the question of freeboard and its relation to shelter-deck vessels, one is placed at 
considerable disadvantage in arriving ata satisfactory basis for helpful criticism, because of the peculiar 
combination in the present regulations, of ancient rules with modern practice. For this reason there are 
bound to be striking anomalies, the characters of which are generally known to each of us. 

The recommendations of the Freeboard Committee in 1915 will obviate a large number of the 
present difficulties, but it is safe to predict that anomalies are bound to appear as we make history. 

It should be pointed out that considerable misapprehension has existed in the minds of shipbuilders 
and others, in assuming that because a shelter deck vessel is completely “ closed in,” she will naturally be 
entitled to Table A loading. 

A large number of vessels of this type are permitted to load down to the extreme limit, and in these 
cases it is the natural thing for the Shipbuilder to assume that the standard of strength set up by the 
Freeboard Committee, or the present day rules for the full-scantling vessel, need some further 
consideration or modification, which is a fault he is not able to discover. 

lt is the present practice in considering the longitudinal modulus of resistance to associate a standard 
of transverse strength. This is done by the extended application of the factors recommended in the 
Report of the Freeboard Committee in 1915. 

From observations in applying these standards, it appears to me that the 1/y of the frame section, 
or the increase in the depth of the beam brackets, produces such a tender factor that their influence 
on the freeboard is disproportionate as compared with the value of the longitudinal distribution of 
material or the increase in length of erections, and their effect on freeboard. 

Stability. The investigations made by Mr. Watt into the question of stability confirm the 
accepted theoretical principle that initial stability depends on the relative positions of the centre of 
gravity and the metacentre. Provided there is wall-sidedness in the neighbourhood of the load water 


line, the moment of inertia remains constant ; the increase of draught naturally increases the distance 
between G and M, and continues to increase as the draught becomes greater. 

The majority of people have a very exaggerated idea as to the angle of heel a vessel will take on 
being inclined from the upright in an ordinary seaway, just as they consider that the addition of a weight 
below the centre of gravity will always increase the stability of a vessel. 

17° is a very unusual angle for a sailing vessel to take even on a windward roll, and the angle of 
steady heel very rarely exceeds 5°. 

The fully loaded vessel under consideration would have the shelter deck awash at 20°, giving 
the alarming declivity of 1 foot in 4°25 feet. 

Up to any reasonable angle of inclination to which the vessel would be subjected in actual service, 
when each vessel is entirely filled with homogeneous cargo of such density as will immerse the vessel to 
her load draught, it is considered that the typical vessel with deep loading possesses greater stability than 
the vessel having say a draught corresponding to that of a tonnage opening vessel. 

Seaworthiness. It has been generally recognized that the behaviour of flush shelter deck vessels 
necessitates some provision being made in the form of erections to protect the vessel and crew. This has 
now been accepted as a requirement. 

A number of shelter deck vessels are permitted to load to a draught which brings the upper deck 
below the load water line. Only the collision bulkhead extends to the shelter deck. In this condition 
they have little advantage over a sailing vessel, and in the light of the recommendation of the Bulkhead 
Committee they suffer in comparison. 

In closing, I would like to express my personal appreciation of the value of the approximate 
method of determining the longitudinal modulus of resistance evolved by Mr, Watt. 

The saving of labour is obvious. The factors are based on reason and accurate assumptions. The 
percentage of error is exceedingly small and can be ignored for all practical purposes. 

The method is a valuable asset towards the increase of output in the Freeboard Department. 


Mr. M. M. Parker. 


Iam sorry to say that | have not been able to devote as much time as I should have liked, to the 
study of the more mathematical side of Mr. Watt's very able paper. 

I have, however, in the course of my work, had the opportunity of talking to practical sailors, who 
have sailed in shelter deck vessels, both with and without tonnage openings. 

The evidence I have obtained on the subject is, I fear, somewhat contradictory. 

The representative of one firm stated that commercially speaking there was little doubt that the war 
time measure of allowing shelver deck vessels to load deeper had proved profitable to the owners. 

On the other hand a Superintendent of another firm, which run a large number of both shelter and 
awning deck types, affirmed that his experiences as a captain of various types of ship had convinced him 
that the deeper laden vessel, whether awning deck or converted from shelter deck, was unsafe for the 
North Atlantic passage. It was his opinion that the worst deck damage was that which occurred amid- 
ships when a vessel was situated on the crest of a wave of her own length, since in this case the crest 
coincided with point of least freeboard. 

It would appear that the addition of a forecastle, although of great advantage to the fore part of the 
vessel, would not safeguard her against water piling aboard amidships. 

The same captain placed the main types in the following order as regards seaworthiness :— 

1. Shelter deck vessels (with tonnage openings). 
2. 3-island ships and 
3. Awning deck vessels. 

‘he most significant information I was able to gather was that this firm insure their own ships and 
as a result never allow the awning deckers to run the North Atlantic trip at a deeper lading than 2 ft. 
short of their marks. 

This fact, I think, fully bears out Mr. Watt’s opinion as stated in the last few lines of his paper. 


Mr. A. Murray. 


I have read Mr. Watt’s paper with much interest and, coming as it does from one who is eminently 
qualified to speak on the subject, it must impart to us the latest ideas and developments in the question 
of Freeboard and allied subjects. 
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The approximate method devised by Mr, Watt for obtaining the 1/y of the section is interesting, and 
must prove a boon in computing rapid comparisons of stresses for cases under consideration, but a little 
more detail on the subject, 1 am sure, would have been much appreciated. 

In the analysis of stability of shelter deck steamers, it is noted that the K G of cargo for the full 
loading and tonnage opening are identical, this condition would not likely occur under ordinary stowage 
of cargo as the loss of cargo in the upper regions would naturally lower the G and probably neutralize the 
GM. Further, if the vessel had been in possession of more beam, which she evidently needs, the 
improvement in B M would have been in favour of the small displacement vessel, with a consequent 
improvement in her initial stability, but these observations are purely discursive and do not affect the 
principle which Mr. Watt has clearly demonstrated, and I am glad to have had an opportunity of perusing 
the paper. 


Mr. J. Houston. 


In his Presidential address, Mr. Watt commented upon specialisation, and I am pleased to see that 
he has exemplified his remarks on that matter by giving us some of his ideas on a subject which he has 
made his own. It is very interesting to have particulars of his approximate 1/y calculations, and to 
know that they are sufficiently accurate for all practical purposes. It is not clear, however, to me at 
least, why the same value should be assigned to the 1st deck stringer and plating for all varying sizes 
of vessels, and I should be glad of enlightenment on that point. 

But more up-to-date rules generally for freeboard assignment are now very much overdue, and like 
Mr. Watt I say they cannot come too soon. 

In considering stability, Mr. Watt gives an interesting comparison between the fully loaded condition 
and the tonnage opening condition, and it is rather remarkable that the advantage lies with the deeper 
loaded vessel. But it is patent to all who have had experience with this class, that the deeper loaded 
vessel will fare worst in heavy weather, so that the greater stability is nullified by the possibility of 
greater damage being sustained. 

It is interesting to note that the Committee of Lloyd’s Register now require a forecastle to be fitted 
to flush deck vessels, and cases have been known where a flush decked vessel would have been the better 
of a poop also, as the vessel ‘* pooped ’’—in seafaring parlance~ with disastrous results. But a following 
wind and sea are the exception rather than the rule, and to provide for all the possible contingencies 
which can happen to a vessel, would make that vessel unsuitable for the purposes for which it was built. 

Mr. Watt is to be congratulated on his paper, and I thank him for it. 


Mr. G. L. LYLE, 


Freeboard is a subject on which most of us will I’m sure be glad to have additional enlightenment, 
especially where the combination methods of computation are adopted ; therefore, the paper, coming as 
it does from General Headquarters, is all the more welcome. 

The method described on pages 5 and 6 for arriving at an approximate 1/y comparison is very 
interesting and instructive, 

I cannot entirely agree with Mr. Watt in his remarks (page 13) totally condemning the motive of 
the Shipping Controller in issuing a circular having for its object the deeper loading of shelter deck 
vessels. Several cases on which the alterations were carried out came under my observation at Barry, 
and the master of one of these vessels informed me that its behaviour at sea when loaded to the new load 
line was equally as good as formerly ; superintendents also spoke favourably of the new condition. 

It has given me great pleasure to read Mr, Watt’s paper, and I wish to be one of the many who will 
thank him for the very interesting and instructive information it contains. 


Mr. H. J. Tomson, 


In reading through Mr. Watt’s paper, one point which occurred to me was that his contention that 
the stress on the side framing is reduced on account of the support afforded by the cargo is hardly 
convincing, as, in many special trades, there is no support whatever given to the frames by the cargo. 

He also states that the frames in the machinery space are supported by webs and bunker bulkheads, 
but in a large number of vessels, particularly those fitted with oil engines, neither is fitted, the usual 
compensation being an increase of ‘04 in. in the thickness of the frames, and it can scarcely be contended 
that this slight increase materially reduces the stresses in the frames, 
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It would, therefore, appear to be necessary to look elsewhere for this apparent discrepancy between 
theory and practice. 

{ would also suggest that the value of Mr. Watt’s paper would be considerably increased if he would 
add an actual worked out example of his method of making comparative longitudinal 1/y calculations. 


Tar CHAIRMAN—MR. J. CARNAGHAN. 


Before calling on the Author to reply, I take this opportunity, on behalf of those who, like myself, 
have had the experience of juggling with the freeboard tables in the earnest endeavour to obtain a 
« bull’s eye,” to express our gratitude to the Society’s freeboard department for their readiness to help us 
towards accomplishing that desired end. Mr. Mares and his staff have always willingly helped their 
colleagues in unravelling the tangled mysteries of these tables, and it is only their due that some 
acknowledgment should be made. 

The Author has given us an interesting and enlightening glimpse at a part of this darkened realm of 
mystery. Therefore, if his treatise and the discussion of same will help towards a simplification of the 
regulations for the assignment of freeboards, his colleagues should be grateful. 

In his remarks with reference to tonnage openings, the Author touches on a subject which has been 
the wonder of many apparently sane men, Surely the man who invented the tonnage opening in shelter 
deck vessels was twin brother to the Irishman who, whilst afloat in a leaky rowing boat, pulled out the 
plug in order to let the water run out. 
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Replying to the discussion the Author said :—‘ I am exceedingly gratified at the cordial reception 
you have given my paper to-night, and if we can take this as a foretaste of what is to come, I think the 
success of our Association is assured. 

I do not propose to reply to the remarks of each speaker separately, as the same point has been 
raised by many, but rather to deal with their remarks as they affect each point in the paper. 

I note that all the speakers agree with me that the term “shelter deck” is a misnomer, and I think 
the time is not far distant when the term “shelter deck” will disappear, and vessels of less than full 
scantling standard will, as Mr. MacLaren suggests, be classed simply “100A with freeboard.” 

Mr. Fowling has pointed out that I am in error in stating that in the Rules of Lloyd’s Register a 
shelter or awning deck vessel is defined in a certain way. Now, ib is quite true that these definitions do 
not appear in the printed rules, but they do appear in the Key to the Register Book, and as the whole 
object. of classification is to secure the appropriate record in the Register Book, it follows that the 
paige given in the Key must, or at least should, apply in all questions relating to the requirements of 
the rules. 

I quite agree with the remarks made by Mr. Ives regarding the tonnage laws. International 
agreements stand in the way of reform, but I think the time will come when these laws will be thoroughly 
revised. 

I fully expected that my remarks on the method of computing the geometric freeboards of shelter 
deck vessels would have led at least to some questions being asked, but as these are not forthcoming, IT 
conclude I have succeeded in making the matter clear, and I look forward confidently to a diminished use 
of red ink on the reports submitted to this office. I am pleased to note the interest which has been 
shown in my approximate method for determining the longitudinal modulus of the section. Several 
speakers have requested a fuller explanation, and [ have pleasure in attaching hereto a sample calculation 
which will, I think, make the method clear. It will be observed that the area of the deck stringer and 
plating in this case is represented by the thickness, in hundredths of an inch, of the stringer plate and 
3% strakes of deck plating. This is done in order, as pointed out in my paper, to eliminate as far as 
possible any error which might be introduced on account of unequal widths in the strakes of plating. 

While the investigations relating to this method involved a considerable amount of labour, there is 
really nothing original in it. The factor used for a given item which is disposed horizontally is obtained 
by dividing the square of the distance in feet from the neutral axis to the item in question, by a coefficient 
which varies with the depth of the vessel. For items disposed vertically the factor has been modified in 
respect of the usual correction yy a h?. 

There is no special virtue in the uniform factor of 14 used for the first deck stringer and plating, the 
coefficient for a given depth being selected to give this factor, and as the coefficient is constant for a 
given depth of vessel, the comparative result is not affected. 


My original intention was 
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to avoid fractional factors if possible but it was found that the result 


were not sufficiently accurate, and consequently the factors given in Table I. are now used. The co 


efficients used for the various depths are as follows :— 
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Mr. J. D. Mares has raised the question as to whether this method could be applied in a case where 
a bridge was fitted amidships. The Tables are only intended to be used for the comparison of two flush 
decked vessels of similar dimensions, but if the flush deck vessel is treated as a vessel of say 30 ft. depth, 
and the vessel with bridge house is treated as a vessel of say 38 ft. depth, and the resulting values of I‘ 
are multiplied by their respective co-efficients as given above, a close approximation can be obtained. 

Mr. Ormiston has described an approximate method based on a series of coefficients. This method 
is very similar to one I used more than 20 years ago, but as he states the result arrived at is only within 
2 per cent. of the correct result, it is not sufficiently accurate for our purpose. In the method I have 
described the maximum error in 22 cases investigated was only *5 per cent. 

With regard to the transverse framing, Mr. Balfour takes exception to the proposed modification of 
the f, values given in Table IIT., and as I understand Mr. Balfour was intimately associated with the 
investigations on which this able is based, I am not at all surprised at his strong advocacy. But I 
would point out that the adoption of the values of f, proposed by the Freeboard Committee would mean 
an increase of 100 per cent. in the *|y of the framing of certain small vessels where the H value is under 
8. If, as I maintain, the present framing of these vessels is amply strong, there is no valid reason why 
a much stronger frame should be demanded. 

In the case of large vessels having many decks and a corresponding low value of H, the framing 
with the amended values of f, might be too light, but this is compensated for by the higher value of f, 

roposed. 
face I am glad to know that Mr. Akester’s investigations and diagrams bear ont my contention. 

Mr. McLaren states that in spite of my conviction, 1 am cheerfully prepared to increase the proposed 
vessels’ draught, other things being equal, should half an inch or less be added to the original size of the 
frame. In this Mr. McLaren doth greatly honour me. Perhaps in the future my views may be accepted, 
but meantime we have to apply the regulations. I would point out, however, that } in. on say a bulb 
angle frame 10 x 3} x ‘50 means an increase in weight of 5°1 per cent. 

His remark, however, calls attention to a point which Mr. Blocksidge also raises, viz., the extreme 
flexibility of the framing formula, and the apparently disproportionate effect of an increase in the depth 
of the wing brackets and beam knees. But if an '/y of, say,20 is required for a vessel having a draught 
of 20 feet, it follows that an increase of ‘1 in the 1/y must correspond to an increase of ‘1 of a foot 
in the permissible draught, and surely there is nothing unreasonable in that. 

Surveyors need be in no doubt about the matter; the approximate methods for estimating the 
modulus of the section and the amended values of f, and f, as given in Table III. have been and are 
being used in determining the freeboard of all shelter deck steamers without tonnage openings. 

Coming now to the question of stability, I should like first of all to point out a clerical error in the 
Table on page 10. In the column for full loading, the bottom figure which is given as *49 should be 49. 

I feel almost glad that I wrote that badly worded sentence at the bottom of page 10, for it has 
brought many of our younger members to their feet and thus enlivened the discussion. 

I think, however, if they had carefully studied the preceding paragraphs my meaning would have 
been clear. What I meant to convey was that whatever variation might be made in the beam to get 
sufficient initial stability in the conditions under consideration and within permissible angles of heel, the 
advantage lay with the deeper loaded vessel; and I am pleased to note that Mr. Blocksidge correctly 
interpreted my meaning. 

My object in dealing with the question of stability was to controvert a statement which has been so 
often repeated as to become a parrot cry—a statement that has been made to me by superintendents and 
others from all parts of the country—that when the deeper loaded vessel is leniodl to her marks with 
homogeneous cargo, she is a dangerous and unstable ship when compared with the shallower draught 
vessel similarly loaded to her marks with homogeneous cargo. 

I would point out here, what my critics have evidently overlooked, that this very condition is the 
standard of the freeboard regulations. (See para. 10, B.T. Instructions.) 

These conditions are possible and are actually met with in practice and should be provided for, and 
if they are provided for, the vessels will have ample stability in practically every other condition, and 
consequently the further question does not arise. 

In reply to Mr. Akester’s question I have to state that in the stability curve for the tonnage opening 
draught, the scuppers and freeing ports are assumed to be efficiently closed. 

With regard to the seaworthiness of shelter deck ships, Mr. Ives considers that this is mainly a 
question of seamanship, and I am not altogether disposed to differ from him. But seamanship in these 
conditions consists in a departure from the straight line, with the consequent increase in the time taken 
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on a particular voyage, and a corresponding reduction in the earning capacity of the vessel. It therefore 
becomes a question whether the cost of fitting a forecastle or other protection would not more than 
compensate for the loss in earning capacity without this protection. 

From enquiries I have made since reading Mr. Ives’ comments on loss, I have ascertained that the 
premiums charged by underwriters are based on average and not on particular loss, and therefore 
differentiation does not exist, at any rate as far as type is concerned, 

It is quite true that the remarks I have made regarding the fully-loaded shelter deck ship apply 
equally to the full scantling flush deck ship, but this latter type can hardly be said to exist; the actual 
number of cases could, I think, be counted on the fingers, if we ignore tugs and small craft. 

Mr. Ives further considers that a greater allowance should be made for an intact bridge than for one 
which is ouly provided with temporary closing appliances in the end bulkheads. I quite agree, and this 
is actually recommended in the report of the Freeboard Committee, 

Mr. J. D. Mares raises an interesting question regarding the increased sheer which will be required 
when a forecastle is not fitted: This question is under consideration at present, so I cannot give a 
definite figure, but it will probably be such as will give a height of platform forward, i.¢, distance 
from water line to upper deck at stem in feet = 5% + 4 where L = length on waterline in feet. 

Mr. Mares raises a further point regarding the sheers required by the Freeboard Committee’s proposed 
rules when no forecastle is fitted, and quotes an example. I would point out, however, that he is in 
error in his figures. The new mean sheer is one-third of the mean of the sheer at ends, and not 
one-sixth as stated by him, and consequently the increased sheer is only 32 inches forward and 16 inches 
aft, instead of 64 and 32 inches respectively. 

Mr. Lyle does not agree with my remarks, totally condemning the motive of the Shipping Controller. 
I did not condemn the motive, but expressed the view that the scheme did not achieve the desired object. 
He further states that in the case of one vessel, the behaviour at sea when loaded to the new load line 
was equally as good as formerly, but the vessel in question had a shelter "tween deck height of 9ft. 6in., 
and the freeboard was 3 feet in excess of Table A. 

Mr. Balfour questioned my final statement that the shelter deck vessel was amply strong 
longitudinally for full loading, and mentioned that vessels between 880 and 400 feet were much below 
the standard of the Freeboard Committee. That is perfectly true if the vessels are built exactly to rule, 
and consequently have only one steel deck, but all shelter deck vessels have two steel decks fitted, and 
with the additional deck, the strength is slightly in excess of the Freeboard Committee’s standard for full 
loading. 

Roughly speaking, therefore, the present shelter deck vessel, at least longitudinally, will be the full 
scantling vessel of the future, and the shelter or superstructure ship will be lighter in relation to the 
draught desired. 

Finally, I desire to point out that the views expressed in this paper are my own, and where they are 
in conflict with present rules and regulations cannot of course be applied in practice, but [ trust the time 
is not far distant when they can be applied. 
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FORGING PRACTICE. 


I feel highly honoured at being asked to contribute a paper on Forging Practice. The subject is a 
most congenial one, as most of my life has been spent within sound of the hammers, and to me a forge 
has always been a place of peculiar interest ; but this feeling of mine, I am afraid, is not shared in by 
the visitor who, for the first time, finds himself inside one of the larger forges whilst at work. 
The novelty of his surroundings, the noise of the hammers, the heat, the smoke, and the glare of the 
furnaces all tend to produce in him a feeling of disquietude. But this soon passes off as his eyes and 
ears grow accustomed to the light and noise, and his interest is quickly aroused as he notices the skilful 
way the workmen handle the large pieces of hot metal that are under the steam hammers. This interest 
is redoubled as he sees with what apparent ease these powerful tools pound down the mass of glowing 
iron as it comes white-hot from the furnaces, welding and kneading it as if it was bakers’ dough, till, 
under the continuous rain of heavy blows, the erstwhile shapeless mass takes shape and form, and there 
comes into view the bold outline of some familiar piece of ship or engine forging, and he leaves the works 
with the most pleasurable feelings at what he has seen, and with enlarged ideas as to the striking power 
and efficiency of the modern steam hammer. It is all very wonderful, and by the person who sees it for 
the first time not readily forgotten. 

In this paper I purpose dealing first with forgings made from scrap iron, commencing at the 
scrap heap, describing in detail the methods employed in selecting, grading, and cleaning of the scrap, 
then on to the piling and shingling of it into different sizes of slabs required in the making of the 
various types of ship and engine forgings. Then dealing with the forgings proper, describing the best 
methods of laying on the slabs on scarphs, so as to get the best results, the shape and length of the 
scarphs, the treatment of the iron whilst being welded under the hammer so that no slipping forward of 
the slabs takes place, giving any little useful, helpful hint I can, and dealing with any other interesting 
point that may crop up, and I only hope that I may be able to handle the subject in such a way as to 
make it interesting to you all. 

The old proverb says “ that bricks cannot be made without straw.” Then, if this be true, no more 
can good clean forgings be made unless good clean iron is used, and to show how the latter is and can be 
got, and the best method of getting it, is now my privilege. 

On entering the sheds where the smaller scrap is stored, we find men busily engaged in putting it 
through riddles or sieves, so as to get rid of the dirt and rust, picking ont all pieces of ship steel, tool 
steel, zinc, or other galvanised material, and as they remove all the objectionable pieces they throw the good 
pieces of iron into barrows, to be wheeled inside and laid on the benches ready to be used in the building 
of the piles. This process is known as “ selecting,” and is carried out by men who have been trained to 
the work. 

The next is the grading process, and is done either by passing the scrap through a wide-meshed 
riddle or picking it by hand. ‘The object aimed at by this process is to try and get as uniform a size of 
scrap as possible, to help in the raising up of the piles, the larger pieces that do not pass through being used 
to mix along with the strips or flat pieces, and the smaller scrap that passes through the mesh is used to 
fill in and put a top on the pile before it goes into the furnace to be heated. 

Should any scrap pieces of a doubtful nature turn up, they are cut under the large shears, which 
soon remove any doubt as to their character, and if unsuitable are thrown aside. One of the most 
common and objectionable materials found amongst the scrap iron is ship cuttings, or, to give it the 
name it is best known by, ‘**Scrap Steel.” And here I wish to offer one word of advice as well as 
warning to those engaged in the forging industry. If your aim and endeavour is to make sound 
forgings, then see that scrap steel is kept out from amongst the iron, as to allow its admission is to defeat 
your object. 

Thus the work of preparation by the men goes steadily on, scanning, sifting, and cleaning each 
barrow-load before it is taken inside and laid on the benches, and should any of the scrap have got 
badly rusted by lying outside, it is taken and put inside a machine to be cleaned. The machine 
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generally used for this purpose consists of a shaft on which a round, drum-like body is fitted, with an 
opening in the side for putting the scrap in, and perforated all round the body with small holes to allow 
the dirt and rust to fall out. The scrap to be cleaned is shovelled in through the opening, and then the 
cover is put on and the machine set in motion, and as it rotates the dirt and rust come trickling through 
tlre holes. After undergoing this treatment for a little the machine is stopped, and the scrap is taken 
out perfectly clean and bright. 

| In the yard we find men busily engaged in picking out the larger and heavier pieces of scrap, to be cut 

| in lengths for strips or sidepieces, which are used in the building up of the sides of the piles or balls (as they 
are sometimes called). The strips or flat pieces are usually cut in lengths of from 12 to 14 inches, and from 
2 to 3 inches wide. The round scrap, which may be anything from half-an-inch to two inches in 
diameter, is cut into lengths somewhat similar to the flat pieces, and as the men put it into barrows they 
closely scan the freshly-cut surfaces of each separate piece before taking it into the piling shed. 

T will now try to describe and show you how the piles or balls are built, and the absolute need for 
the greatest care being taken in the laying on and the mixing of the pieces of scrap iron, as it is here 
that the foundation must be laid if we are to expect to get a good fibrous quality of iron. The men use 
what is known as a pileboard, which is made from four thin strips of wood nailed at the corners, and is 
either square or rectangular in shape, on which to build the piles, laying the flat strips of iron across the 
pileboard until the bottom is covered, then they lay the next row across in the opposite way, then lay on 

| some of the round pieces as well as some of the heavier of the small scrap, so as to tie and bind the flat 
pieces, and as more flat and round pieces are added so more and more of the smaller pieces are put on, 
until the pile gets nearto the weight required. The top is usually finished by having some of the smallest 
scrap laid on, which, when heated and hammered, fills up all the crevices and binds it into a solid slab. 

The building of the piles is quite an art, as not only must they be openly built to allow a free 
passage for the furnace flame and an outlet for the slag or cinder that forms inside the ball, but also 
sufficiently compact so as not to fall down on the furnace bottom whilst being heated ; care is needed in 
fitting pieces in the corners of the piles so as to tie and lock the whole together, and so ensure the getting 
of a good quality of iron with the grain or fibre running uniformly throughout. The weight of the piles 
usually runs from two to two-and-a-half hundredweight each, and no single pile should ever weigh more 
than the latter figure. Should heavier than this be needed for any special purpose, then the only safe 
way of procedure is to take two slabs between the weights that I have given, and placing one above the 
other (with pieces of iron between) have them reheated and reshingled. Making single balls three or 
four hundredweight each is bad practice, and should never be attempted. 

The piles or balls now being ready to go into the furnace to be heated are carried forward to the door 
and placed singly on a long flat piece of iron known as a slice or peel. The door is then pulled up and 
the men push the pile into the furnace, where it rests upon the bottom, which is usually level. The 
whole operation reminds one very much of a baker charging his oven with bread. The furnace door is 
then closed down and the furnace charged with coal, and the heating of the iron begins, and with a good 
type of furnace this should take place in from 60 to 70 minutes. 

A shingling or ball furnace whilst under one roof is really made up of what might be termed three 
distinct parts, viz., the grateroom, or combustion chamber ; the heating chamber, in which the balls are 
placed, and the bottle-shaped neck of flue that leads into the chimney. The grateroom, into which the 
coal is charged, is divided from the heating chamber by a brick wall or bridge, and as the hot flame and 
gases from the grateroom pass over it into the heating chamber they mingle and pass through amongst 
the piles, heating them uniformly throughout. It is at this point of the heating that advantage is 
| gained by having the flue neck bottle-shaped, as by the contraction at this part the flame as it enters the 
| flue is checked and thrown back again amongst the balls, heating them regularly all round. The waste 
| gases as they pass towards the chimney are usually utilized for raising steam for the hammer or other 
| 
} 


machinery. 

A light swing crane is used to take the heated piles out of the furnace whilst welding hot and put 
them under the hammer. On the point of the crane is suspended a chain and hook to take a large pair 
of tongs that are used to lift the balls. The tongs have long handles and a wide grip or mouth so as to 
encircle the piles. The furnace door is pulled up, the tongs are swung inside the furnace, taking a grip 
on the pile, which is then placed under the hammer. A few light blows are given at first to put the top 
together, then heavier and heavier come the blows and the sparks fly off in showers. The pile is then 
turned up first on the side, then up on end and back on the flat until the once loose pile of iron scrap is 
hammered and welded into a compact solid slab to be used in the laying up of the other and larger 
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forgings. The pile dealt with as here described is termed single heated shingled iron, whilst double 
heated shingled iron (a process that I think might be more generally adopted with distinct advantage to 
the forgings) is made by taking two of the single heated shingled slabs and laying one above the other 
with small square pieces of iron between to allow for clean and regular heating whilst in the furnace, and 
having them reheated and reshingled. And here I might just say in passing that the term “ shingling” 
(which must not be mistaken or confused with the term “ puddling ”) is taken to denote the welding 
together by percussion either by a series of sharp rapid blows from a steam or air driven hammer or 
other mechanical appliance, of all the loose pieces of scrap iron assembled in the form of the pile which 
has been heated to the welding point in a properly constructed furnace, and the same term is still used 
when in the form of slabs they are laid on the porter bar and heated, and come under the hammer for 
the first time in the making of the forgings proper. Should, however, a number of slabs be laid on the 
porter bar and heated and shingled and have a further heating before being forged into special sized slabs 
or collar pieces, then when these pieces come to be laid on and heated aud hammered the term used is 
“ Welding on,” and this brings us face to face with the never-ending query ‘“ what is a weld ?” 

A weld in this case is the joining together of two or more separate pieces of heated iron in which 
the union and assimilation of the properties of the pieces are so perfect that no trace of the junction of 
the surfaces can be found. The act of welding is the carrying out of the necessary preparation and 
heating as well as the applying of the percussive power required to join the parts quickly together and 
successfully complete the welding. 

In malleable or wrought iron we have one of the most adaptable and reliable metals to weld that is 
known, and if properly treated by being carefully heated and raised to the required temperature so that 
all slag or oxide that usually surrounds the heated parts is in such a fluid condition that it flows away 
leaving the two surfaces to be brought together absolutely clean, the junction will be perfect. 

If the weldings be carried out under these conditions then there is nothing to fear as to their 
soundness, and if the hammer power used is ample enough to put the two pieces quickly together 
whilst welding hot: you get a weld in which the properties of the two parts are so uniformly 
joined and blended together as to form a perfectly homeogenous whole without any indication as 
to where it has been welded. 

In the welding of iron, even iron of the best quality and most solid like appearance, we have 
always slag or silicate of iron to deal with, but its presence there is not so detrimental as it might 
seem as a mixture of the slag with the oxide of iron renders the oxide more fusible. The danger of 
an imperfect weld is in attempting to carry out the welding when the iron is at too low a temperature 
and the oxide on the faces of the pieces to be joined is not in a sufficiently fluid condition to run off. 

In the making of forgings from mild scrap steel greater care has to be taken in the heating, and a 
higher temperature employed than in the case of scrap iron. In scrap steel there is no silicate, only 
oxide, hence the oxide is not so fusible as it is in iron, but should the temperature be correct, then scrap 
steel, if used by itself, can with as great a certainty be welded together as scrap iron. 

The idea that is held in some quarters that an addition of scrap iron to the scrap steel is beneficial 
as making it more reliable and easier to weld, is entirely wrong, and if persisted in can only lead to 
trouble and failure. Scrap steel and scrap iron can no more mix and become one perfect whole than 
water and oil. 

One who examines the fractures in a broken scrap iron shaft and notices the clean sharp break across 
the surface as well as the tearing of the fibrous parts, has no more need to ask what caused the failure 
than he has to ask what material the shaft was made from. The answers lie plainly there before his 
eyes. 
i I have tried to describe how the scrap iron is cleaned, piled, shingled into slabs, but before starting 
with the making of the forgings proper, 1 would like to offer a few further observations. 

In looking at the amount of labour and care taken in the preparation of the scrap iron before it is 
fit to be used in making the forgings, some one might quite readily say—surely all this cannot be 
needed ? It is. Too much care cannot be given when ordinary scrap iron is used. If new iron is 
used to build the piles then that is a different matter, for while the same care will be needed in the 
building of the piles there will be neither cleaning nor selecting as is the case with ordinary scrap. 

When you consider what a large amount of shafting and other engine forgings have been and are 
still being made from material such as I have described, you can easily see how vital it is that every 
precaution must be taken to prevent foreign material getting into the piles, particularly scrap steel, as 
this, in my opinion, is une of the chief causes of failures in scrap iron shafting as well as in other 
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forgings, and I say it advisedly that had more care and attention been given in the past to the elimina- 
tion of this element of danger there would have been fewer cases of failure in scrap iron forgings. 

I ask those whose business is the supplying of forgings, if they want to see iron keep the place it 
has so long and honourably-held as one of our most reliable materials, to spare no pains in getting the 
scrap iron as clean and good as possible, and to set their faces steadfastly against allowing scrap steel 
amongst the iron. 

In the making of some of the more important engine forgings from wrought iron, I would strongly 
recommend the using of new bar iron instead of scrap as being a better and safer material; and as 
there are still very many who have a preference for forgings made from iron, then if they adopt my 
suggestion and order their forgings to be made from new bar iron, they will have no cause to regret 
doing so. 

In advising the use of new bar iron instead of scrap for the making of important forgings, I 
mean bars of a special good quality; not “scrap bar iron.” Slabs from “scrap bar” are very little 
better than those made from ordinary scrap iron. “Scrap bars” are made by running the piles 
through a “Cogging Mill” whilst welding hot instead of hammering them; they have very little to 
recommend them except the fact that they can be cut into suitable lengths for “piling,” enabling a 
uniform mass of iron to be prepared for the heating and shingling into slabs. 

Get whatever brand of New Bar Iron you choose, single B, BB, or triple B, “ Lockfast Iron,” 
or any other reputable brand you like, it makes little difference, provided it is the best that can be 
got; and when it comes to be cut and piled, no matter whether the bars are flat sections or Lockfast, 
see that every layer of the cut pieces as they are laid on the pileboard gets two pieces laid on top 
of them on which the ends of the next layer of pieces will rest. 

Carry this out until the whole number is laid, and there will be no fear of them not getting 
uniformly heated throughout, and if the sides of the cut pieces are kept from contact with each other 
whilst being piled, as outlets for the slag or cinder in the heating, you will get sound welding. 

I have been asked as to the advisability of using up old scrapped shafts by having them forged 
down into slabs. I see nothing to prevent this being done, and successfully, too, provided each shaft 
or part of a shaft as it goes into the furnace to be heated is treated to a good welding heat and is 
then hammered out into flat slabs to be laid on in the same manner as the slabs made from piles. 

In the case of old scrap iron sternframes the same course could be followed, but seeing the sections 
are mostly flat they might more easily be cut by a saw or oxy-acetylene gas into suitable lengths. The 
gudgeons on the back post could be sawn or burned off, thus leaving a long straight bar which could 
either be forged into slabs or made into stembars; and as for the boss part, the only safe way to deal 
with it is to cut it across its diameter into small pieces, which could easily be heated and flattened out 
and then laid on like slabs. 

It may occur to some that it might be dangerous to use up these cut pieces of old sternframes, 
seeing there are so many rivet holes through them. There need be no anxiety on this score; the 
rivet holes can easily and safely be welded and made sound, provided as each cut piece is laid on the 
“Porter Bar” it gets treated as a slab by having square pieces put between it and the scarph, and when 
the second piece is laid on top treated exactly the same; but see that the rivet holes in each of the 
pieces are not directly above each other, but that the solid parts between the rivet holes in the top 
piece are covering the rivet holes in the bottom piece. 

The holes all being in a vertical position (the cut pieces being laid on their flat), the slag will 
run freely out as the iron is heating, and the first few blows of the hammer as they come under it 
will expel the rest; and if properly heated and hammered the solid section above will surely close the 
end of the rivet holes, and the edging in of the mass whilst welding hot will weld every rivet hole 
throughout its length. 

I now propose to deal with the making of the forgings proper, and will describe how the slabs 
that we saw made are utilized. We saw the care needed and taken in the preparation of the scrap 
iron in its initial stages. Equal care must be exercised in the final stages, viz.: the laying on of the 
slabs, the heating in the furnaces, the shingling and welding of them together under the steam or air-driven 
hammers ; these being the chief factors in the production of good, sound forgings. 

In one of the smaller forging sheds we find the men busily engaged in “laying on” some slabs 
on a long round piece of iron with a tapered wedge-like end on it on which the slabs are placed. 

This long round piece of forged iron, varying in length and in diameter, to suit the different sizes 
and weight of the forgings to be made, is known amongst forgemen as the “Staff” or “ Porter Bar.” 
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The porter bar should always be as sound and solid as the forgings that are to be made on it, and 
when you consider that the scarph or “laying-on part” at the end of it, on which the slabs are laid and 
welded ultimately becomes part and parcel of the forging, you can see the absolute need for it being 
solid; as otherwise all the labour spent upon getting the slabs solid will be lost through laying them on 
an unsound porter bar, and as the scarph part gets absorbed unto the forging, so does the “ unsoundness,” 
and the forging that is started badly will in all probability finish the same way. 

The end of the porter bar, which is to be formed into the searph is kept several inches wider than 
the diameter of bar, and should get a good soft welding heat, before it is drawn down and shaped by the 
hammer into the wedge-like form. It is on this tapered part or scarph that the forgemen proceed to lay 
on the slabs, but before doing so they place four short pieces of iron about two inches square across the 
scarph ; and lay on the first slab on top of them, then more short square pieces and another slab goes on, 
until the requisite number is laid. 

The placing of the small square pieces of iron between the scarph and slabs, serves a two-fold 
purpose by ensuring a clear passage for the furnace flame, as well as allowing the “Slag” or “Cinder” 
to run freely out from between the slabs as they are being heated. When heated and brought under the 
hammer to be shingled and welded, on to the porter bar, the first few blows of the hammer usually 
expel any little slag that may be lying between the slabs and scarph and the union of the surfaces will be 

erfect. 
E I have shewn how the slabs are laid on the scarph of the porter bar, but before dealing with the 
heating of them, I want to say a little about the “Scarphs” and the © portant part they play in the 


production of good sound forgings ; firstly as to their length and w*” ' the relative proportion that 
should always exist between the size of the scarph and the slabs tha ‘t, particularly when shafting 
or other round forgings are being made. I think a very safe rule is to u.. » widths of the scarphs and 


slabs not more than 3 or 4 inches wider than the diameter of shafting, and the length of the scarph from the 
thick part or heel to the top or point should always be 3 or 4 inches longer than the slabs, so that as 
the slabs draw whilst being hammered and reach the point of the scarph it forms a square solid end for 
the forming of the next scarph. 

The slabs now having been laid on the porter it is lifted by a crane and is put into the 
furnace for heating. As the forging furnaces generally in use differ very little from the ball or 
shingling furnaces, I need not enlarge upon them further than to say that some of them are what 
is known as natural draught furnaces, whilst in others they use as an auxiliary steam or hot air 
blown in under the grateroom so as to help combustion. 

Personally, I consider the furnaces on the natural draught principle to be the best, as they are more 
regular and uniform in their heating, much cleaner, and there is less risk of impurities or hard pieces of 
clinker from the grate room being blown in between the slabs (due to the steam or air pressure under the 
grate bars) much less waste of material whilst heating is going on, the wastage being due to the 
furnaces in which the steam or air is used having the bridge over which the flame passes in its 
way to heat the iron blocked up almost to the roof at the one end. The flame being thus forced through a 
comparatively small area as it enters the heating chamber, has, in my opinion, too much of a tearing 
effect on the iron, and if not carefully watched, would soon cut a way for itself through the slabs and 
destroy the material. 

In the furnaces in which natural draught is used this danger is greatly minimised by a modification 
of the inside of the furnace and altering the line of the flue so that the top of the bridgein this type of 
furnace is left entirely clear over its length, and as the flame passes over it in an unbroken sheet it is 
thrown back again, owing to the flue arrangement amongst the iron heating it uniformly and regularly 
throughout. 

The ideal furnace is the one that heats the iron as regularly and quickly as possible. The slow or 
badly heating furnace is always a source of trouble and danger and it is generally found that where the 
iron has taken too long in the heating, iron oxide has formed and lies between the layers of slabs, and 
as the temperature of the furnace cannot be got sufficiently high to fuse and make this oxide fluid enough 
to run off the’ welding is bad. There is no need that furnaces should ever heat slowly or badly.  [t is 
only a question of their construction and the size of the chimneys used. If the chimneys are built high 
enough and of the proper diameter there will be always plenty of draught or pull in the furnaces, and the 
pull can easily be regulated by the cover or damper on top of the chimney to suit the different stages of 
the heating. The heating of the iron is attended to by men who have been trained to this work and are 
known as “ Heaters” or “ Furnacemen.” Their eyes have to become accustomed to the heat and the 
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strong white glare of the furnace, as it is by looking into the heating chambers through little spying 
holes made for this purpose in front and back of the furnace, as well as by using a light round rod of 
iron with a hook on the endof it which is passed into the heating chambers and drawn along the sides 
of the slabs that they judge when the iron is ready. 

The iron as it reaches the soft plastic or welding state peels off like putty and sticks to the hook 
on the end, and by its appearance as they pull it out, and the sense of feeling as they draw the rod 
aang a sides of the slabs, the men judge and know exactly to what stage of heating the iron has 
reached. 

As the iron on the bridge side of the furnace usually heats quickest, the heater tries to obviate this 
either by throwing some extra coal into the coal chamber, this having the effect of blackening the flame 
as it passes over the bridge, or he decides to let down the damper for a little, thus stopping all draught. 
On the damper being raised and the furnace heated up again, it is found that the heating is now more 
uniform ; and as he passes the rod into the flue side of the chamber and tries the slabs, he gets what 
he was waiting for in the shape of the iron now peeling off as it did on the bridge side, and it is now 
ready to go under the hammer and be shingled and welded. I want you to particularly note the way in 
which this is done, for if not properly carried out the slabs are sure to slip forward on the scarph, and a 
cavity is left at the heel or thick part. 

The heat, as it is termed, is taken out of the furnace, and as it goes on to the anvil block the word 
is given and down comes the hammer on the slabs, catching them towards the point of the scarph. A 
few sharp blows from the hammer and they are firmly welded there; then the whole mass is pushed 
further in under the hammer, and the slabs are welded on the heel of the scarph as well as at the point. 
This is the proper as well as the safest method of shingling and welding the slabs, and should the 
heating be good there can be no possibility of slipping ever taking place or cavities forming, thus 
reducing the chances of piping in the shafts. 

The slabs having been shingled and welded on to the scarph on the end of the porter bar, the 
forgeman puts it back into the furnace for a second welding heat, and on bringing it again under the 
hammer, he welds up any unsoundness that may be along the sides of the iron, as well as still further 
reducing the mass nearer to the size of shaft or other forging he may haveto make. Before it is put back 
for the third or finishing heat, and as he draws down and finishes part of it to forging sizes (should it be 
a shaft he is making), he forms on the outer end a new scarph for the next lay on of slabs. 

The wrong method of trying to shingle and weld on the slabs is to allow the porter bar or partly 
forged shaft with the slabs on the end, to go too far under the hammer and to attempt to weld on the 
heel ot the scarph first ; for if the heating has not been quite what it ought to have been, then the slabs 
as they are struck by the hammer are sure to slip forward on the scarph, and a cayity is formed to 
the detriment of the shaft. 

One other, and the chief cause of piping is the result of working with the scarphs too short for the 
slabs laid on, and instead of keeping the scarphs a few inches longer, as they ought to be, they are as 
many inches short, allowing the ends of the slabs to projeqt beyond the point of the scarph. When they 
are heated and come under the hammer a cavity is formed on the underside of the slabs due to the 
overhanging ends of the slabs being hotter and softer than the point of the scarph, it having been kept 
lower in the furnace during the heating. An attempt to fill up the gap with pieces of soft iron is 
| sometimes made, but it is no use trying to do so. The better and safer way is to cut it off and so get 
rid of it, as otherwise when the iron gets drawn down and extended, the defect goes with it—at least as 
far as that finish goes; and this is why we often find in cutting up a shaft into short lengths that while 
some pieces are quite sound, others show piping. The sound pieces are those where the slabs have been 
| properly laid on and treated. 

In the next and larger forging shed we find some shafting of large diameter being made, so we 
will try to describe how the iron is laid on in forging shafts of this size. ‘I'he usual method is for the 
forgeman to lay on a number of slabs on the one side of the scarph, then heat and hammer the mass. 
It is then turned over and a few more slabs are laid on the opposite side of the scarph and heated 
and treated like the first. This is called the double laying on of iron, and is the proper and only safe 
method of laying on the iron in the forging of shafts of large diameter. To attempt to make them by 
single layings on of iron is to court disaster. 

Double Laying.—The number of slabs to be laid on in the two layings must always be determined 
by certain factors: the diameter of shaft being forged, the weight of each separate slab laid on, and the 
hammer power to be applied. If the latter is ample then an extra slab or two will make no difference, 
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The only condition to be observed as regards the numbers is to see that the major portion of the slabs 
are laid on at the first laying, as they have to stand more heating and hammering than the second. 
A very safe rule is, if eight is the number required for the double laying, then lay five for the first 
heating and three for the second. If ten or twelve are needed, then lay six and four or seven and 
five. 

Seeing I have been giving a few figures, I would like at the same time to offer a little advice and a 
few useful hints in the hope that they will prove helpful to those engaged in the making of large scarph 
iron forgings and particularly shaftings. See that all the slabs are properly heated and hammered, and 
that the end to be used for the scarph is hammered and shaped whilst the iron is welding hot, thus 
making sure of its being perfectly solid before the slabs go on. As you lay on the slabs be careful that 
you allow plenty of space between the separate slabs to permit the flame passing freely through amongst 
them in the heating, and to allow any slag or cinder that may gather during the heating to run out 
from between them, and when ready to go under the hammer to be shingled and welded, hammer 
them quickly and firmly together to make sure of sound welding. Treat the second layer in exactly the 
same manner, and when heating the iron keep the scarph with the first set of slabs on it low in the 
furnace, thus keeping the underside of scarph from getting as hot as the slabs above, which under 
the rain of blows will draw forward to the tip of scarph, making the end solid and square. 

In heating the second layer of slabs keep them high in the furnace ; this has the double advantage 
of allowing all the iron to be uniformly heated and drawn out under the hammer, as well as being much 
more quickly heated when put back for the second heating. 

In shingling the second lot form the whole mass into a square, and when it comes out for the second 
time to be hammered keep it still in the same formation until you get it all soundly welded up, and 
whilst still at a good heat knock in the square corners and round it up roughly, all but the part that is to 
form the scarph, before putting it back into the furnace for the finishing heat, which should always be a 
lighter heating than the first two, just what one might term a quick outside heat, and when under the 
hammer draw it down as quickly and as near to the size as you possibly can while nearly welding 
hot, then as you draw back to the end to hammer and shape the scarph or butt you can afford it a little 
time in which to cool before smoothing and finishing it up. Never leave too much material on iron 
forgings. A well hammered and straight forged iron shaft needs no more allowance left on it than just 
sufficient to clean it up and half an inch on diameter of body over the finished dimensions should be 
ample even for the largest shafting. The stiffest, strongest, as well as the most durable shaft is the one 
that has least taken off in the machining. 

Always aim at getting done with the finish while still at a good red heat. It is all in favour of the 
forgings, as iron when thus treated is always of a much better quality than if it has been hammered cold. 

In shingling and welding the iron for shafting, forge it square, and keep it in this shape as long as 
you can. It is easier on the material and improves the fibre, as it gets drawn out in straight lines along 
its whole length, thus adding to the strength and life of the shaft. Besides, it is not really necessary to 
have it rounded up before the final heating. 

Give all the iron at least three heatings—shingling heat, turning or second heat, finishing or third 
heat, and do not be so ill-advised as to attempt to finish with only two, thus reverting to the old unsafe 
method of shingle and finish (as it was called)—a method that was responsible for a great deal of the 
failures in the past, as well as lowering iron in the estimation of engineers as a reliable material. Rather 
give an extra heating than one too few, and in all probability you will by so doing avoid one of the 
sources of trouble met in the forging line, viz.: bursting or rupturing of the iron caused by trying to 
reduce it when too cold. The hammering shatters the centre of the material, and a fissure appears along 
the side of the part being finished. Bursting may also be due to the using of slabs too wide for the job, 
or bad heating and welding, but the chief cause is, as stated above, hammering when too cold. 

An attempt may be made to heat and weld the burst part, and while it may appear successful and 
sound, and even pass the machining test, it is bad practice, and sooner or later (and more often the 
former) the apparently welded part gives way under the working strain, and the shaft has to be replaced 
by a new one. I have been asked many times if I thought it a wise thing to try and weld a defect like 
this. It is not, unless there is sufficient metal above the required diameter of shaft to allow for proper 
hammering and welding. No shaft or part of a shaft should ever be heated up, even to the lightest 
welding heat, without a proportionate amount of work being done on it while under the hammer, other- 
wise the iron, which would under proper treatment be of a close, compact grain, will be of a coarse 
crystalline nature, thus materially affecting and reducing the strength and efficiency of the shaft; and I 
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' am more than ever convinced that the best and cheapest thing to do in a case like this is to cut off the 
I burst part and stave it up and “ piece away” the remainder, or cut it all up and make a new shaft. In 

} using the expression ‘ piece away” (the first time used in this paper), some of my hearers or readers may 
i, be puzzled or in doubt as to what is meant by it, so I will try and explain it fully. To “piece away” 
my literally means “to add to”—“ to extend,” so my using it in this case of repairing a shaft means the 
i | Jaying on of iron and the extension of the shaft. It is almost identical in its meaning to the term 


“forging on,” but in no case must either of these two expressions be confused with the term “welded on,” 
which, if used in a case like this, would imply the bringing together of separate pieces or bodies of about 
if equal size ina heated condition, and joining them together by welding. 
| If the suggestions I have ventured to give are borne in mind and faithfully carried out by all those 
| engaged in the making of scrap iron shafting as well as other forgings, then I will safely give an 
assurance that there will not be 1 per cent. of failures in shafting, and not one in which piping will 
| appear. 
| oi We will now go back and see how the forging of the shaft has been progressing, and we find that 
the shaft (an intermediate or tunnel shaft) is now being made ready for putting on the first collar or 
coupling, and I will describe the manner in which this is carried out. 
|i} The butt end of the shaft on which the collar pieces are laid is kept several inches larger in 
] diameter than the diameter of shaft. A shoulder is formed by reducing the material at a given distance 
from the end of the butt, and is gradually reduced back towards the part of the shaft already forged to 
size. This extra material left on at the neck of shoulder is an allowance for the wastage during the 
i heating of the collar-pieces, and also for the welding and finishing up of the collar after it has been cut 
to the required width. 

The collar-pieces having been forged to the required length, thickness and width, are bent to a half- 
circle. One-half is then laid on the butt close to the shoulder, and is heated and welded on, and after 
the shaft is turned upside down, the other half collar-piece is laid on and heated and welded in the same 
way. It is then cut on the inside of the coupling (some cut outside at the same time), and is then put 
back in the furnace and treated to a light welding heat, and the outside diameter of collar is lightly 
| hammered round before being lowered down to have the neck welded and all excess diameter reduced, and 
| the face of the coupling is rammed up square and finished. 

The porter bar, on which we have seen the major portion of the shaft being forged, is then put into 
ii the furnace to be heated and cut off. As it goes in it passes through a part of the brickwork at the back 
of the furnace known as the “ backhole,” which is arranged for this purpose when building the furnace. 
i The porter being heated is then cut off just where the first laying of slabs was welded on, and the lump 
of iron from which it has been cut is flattened into a new scarph, and the necessary material needed to 
bi complete the shaft is then laid on, forged and rounded up, and a second butt formed for the second 
; coupling, which is laid on and finished in exactly the same manner as I have described for the first 
coupling. 

; Now a few words as to the best way in which to start to lay up iron for an intermediate or tailshaft. 

i Your porter bar being nicely mended and a good scarph formed, lay a number of slabs first on the one 

\ side then on the other (in every case lay a number sufficient to make two or three feet of the shaft) and 

| when heated shingle them square and give a good soft second heat to them, welding and rounding it all 

: up roughly on your porter, shaping and forming the outer end into a new scarph on which you proceed 

to lay on the other slabs to make the shaft. The iron rounded up on the porter is to go to form a new 

\ scarph (when an intermediate shaft is being made) and the cone end when a tailshaft, after it has been 
heated and the porter cut off. 


Never start the forging of a shaft by forming the collar butt on the porter bar, it is unsafe in the 
highest degree and should never be attempted unless it is a case of Hobson’s Choice in the shape of some 
short bobbin pieces or closing length, and if so, then make sure as to your heating and hammering of the 


i slabs, and also make sure you leave as much material on your porter as would practically make a second 
‘ butt. This is working on safe lines. 
J I have tried to give you my views as to the best methods of forging scrap iron shafting, but before 


leaving this subject to touch on some of the other forgings I would like to enlarge for a little on the 
collars of shafting and give what I think is the ideal combination for obtaining sound couplings. 

(| The butt, the part on which the two half collar pieces are laid and welded, should have an additional 
i welding heat given it before the pieces are laid on, and should be kept as large in diameter as possible so 
that only thin collar pieces are needed to make up the required diameter of coupling. They are safer 
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and easier to weld on and the keeping of the butt larger, and the extra heating and hammering it has 
got ensures the holes for the bolts going through much sounder as well as better wrought material than 
the collar pieces make, besides avoiding contact with any part of the weldings. 

I will now turn attention to some of the other large and important engine forgings, viz.: connecting 
rods, piston rods, crank and thrust shafts, and deal with the best methods of making them. 

Connecting Rods.—In the laying on of the slabs for connecting rods, the greatest care should be 
exercised both in the selecting of the iron as well as the way in which the slabs are laid and the number 
laid on. 

Firstly as to clearance, give much more than you gave in laying for shafts ; secondly, pick thin well 
hammered slabs and lay them with the grain of the iron running as near as possible one way. Thirdly, 
as to the number to be laid on, make sure that you have plenty, not to form the head and flat alone, but 
also most of the body as well, thus making sure that the rod or body part gets all the advantage of the 
extra heating and hammering needed to draw down the iron from the size of the head to the diameter of 
the body, thus materially improving the iron both as to fibre and ductility. Avoid all attempts to lay 
on iron near the neck of the rod at head. It is a source of danger and only tends to weaken, and in 
many cases means the loss of the rod. If you have laid on plenty of iron no welding on the rod will be 
required unless the rod is extra long. In the laying on of the slabs to form the tee end of the rod, to do 
this safely and properly, see that the two slabs to be used for the purpose have been specially heated and 
hammered in the making, and are perfectly solid. After the welding on of the first slab, which should 
be of a thickness almost equal to finished thickness of tee end, thus making sure that the centre of 
thickness of slab, after welding on, forms the centre line of bolt holes; in the laying on the second slab, 
which is usually thinner than the first, be careful to lay thick pieces of iron between it and the one 
already welded on, thus making sure of getting the second slab regularly heated throughout before being 
welded on. Have your slabs thick enough, especially the first one, so that they can get plenty of 
hammering, and there will be no fear of the surfaces not being perfectly joined. 

Piston Rods.—In the forging of these the same care has to be taken as in connecting rods, both as 
to the laying on of the slabs and in making sure of having laid on plenty. It is all in their favour as 
well as that of the connecting rods to have the rod or body part getting plenty of hammering, and in 
both types of rods when drawing down for the body, see that you draw it down square. You can easily 
and safely round it up in the finishing heat, thus avoiding much twisting of the material at the neck. 
Never try to carry all the material for the body part in front of you unless the rods are very short, as the 
result is just what I have stated—twisting at the neck and loss of the rod. It is better and safer 
to finish two or three feet from neck of rod, and then, if needed, you can lay on what additional iron 
is required to finish the rod. 

rankshafts of the old solid type, I am pleased to say, are now mostly made from ingot steel, 
and whilst I have seen many fine examples of single, double, and triple crankshafts made from iron 
(special iron being used and special slabs being forged to be used in the making), the making of this 
class of forging was a slow and risky job. There were too many planes of weakness formed by the way 
the iron needed to be laid on to form the throw, and too much cutting across the grain of the material 
in the forming of the pins and body parts to make it anything but a most difficult and dangerous 
forging to make. Added to all this, there was the twisting of the material between the throws (in 
making double or triple cranks), which was also a source of trouble, as well as weakening the material ; 
and it was often found in machining these parts that the iron was of an open, coarse nature, and quite 
unsuited for the work it had to do. 

In making them from ingot steel none of the above difficulties are met with. In a single crankshaft 
it is only a case of squeezing the ingot down under the press or drawing it down under the hammer to 
the required thickness and width, and then cutting the throw part to length and rounding up the body 
parts to the diameter. 

In double or triple cranks it is equally easy after flattening down the first throw to squeeze or 
hammer down the second and third cranks at the proper angle and cut them to the length, and form and 
round up the journals to the required diameter. It is much simpler forging them this way than the old 
way in iron, No twisting and straining of the material is involved as is the case when they are made 
from iron. 

Thrust Shafts.——The opinion [ have expressed as to ingot steel being the best material for the 
making of crank shafts will equally apply to thrust shafts, not but what they can quite safely be forged 
from scrap iron, provided the proper method be adopted in the making of them; and lest amongst 
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my readers there should be some who are interested in this type of forging, or have a preference for 
it in iron instead of steel, I will describe a method of making them that has been successfully carried out 
for many years. 

The first thing to be done on starting to forge an iron thrust shaft is to make two special slabs 
whose length must be several inches longer than the length over the thrust rings, the width of the slabs 
to be two or three inches more than the diameter of rings. The slabs being made, you then proceed to 
put the porter bar in order; on this you lay (making sure of plenty of clearance between them) a 
number of very thin slabs that have been well hammered in the shingling. These are heated and 
shingled and welded together on the porter bar; then lay on as many more slabs on the opposite side. 
Heat and treat them as you did the first lot ; then giving a second heating and welding it all soundly up, 
you draw the whole mass out until its length and breadth are the same as the two special slabs made. 
When this is done and the scale cleaned off, you lay on the first of the two slabs with 2-inch pieces 
of iron between ; then heat and weld it on; then upside down with the porter bar, and you lay on the 
second slab, treating it the same as the first. By this time the whole quantity of iron laid on will be 
almost square in shape. Keep it like this until the last heating, when you can round it up to size and 
mark down the neck at body cf shaft ; and if the quantity of iron laid on is right, it should be possible 
to finish a part of the body of shaft at neck of thrust before any more iron is needed to go on, thus 
avoiding any welding near the neck. 

The aim and object of all this preparation is to have all the iron of a nearly uniform nature ; and 
the making of the slabs longer than the length of thrust part, as well as the drawing out of the porter . 
bar end on which they are laid, is to make sure that the welding of the ends of the two slabs will 
be outside and clear of the rings, and the cutting out of the corrugations will then take place through 
iron of a splendid quality and soundness. 

The allowance of two inches in width of slabs over the diameter of rings is ample for the welding 
and edging in of them. The less edging in they get the better; and the thickness of shingled iron 
on end of porter bar, as well as the thickness of the two special slabs, must always depend on the 
diameter of shaft measured over the thrust part ; but this can safely be left to the forgeman’s discretion, 
and as he has to form the material at that part into a square, the thickness must always equal the 
width, with an extra thickness of one of the slabs thrown in as an allowance for the heating and welding 
on of the two. This is a very safe allowance to make, and applies equally well in the case of welding on 
collar pieces on shafts, or the tee ends on connecting rods. 

In some of the earlier and smaller forges that had only a limited hammer power at their disposal in 
the making of the forgings, I am afraid that some of the larger forgings barely got justice done to them, 
the hammers being too light in weight to put the iron together properly when being welded, and while 
it may not be quite so detrimental to a small forging to be made under a heavy hammer, it was bad 
practice in both cases, and was neither economical or productive, as the results were usually forgings 
of a very much poorer quality. 

The proper and better system is to have all the hammers graded in size and power so as to suit the 
different size of forgings. venture to offer the following weights of hammers as well as the steam 
power, as being eminently suitable for the effective forging of iron shafting ranging from six inches in 
diameter to twenty. A twenty hundredweight hammer can safely deal with shafting up to eight inches 
diameter, and a forty hundredweight hammer can do the same with shafting up to twelve inches. A 
sixty hundredweight hammer is equally safe with shafting up to fifteen inches, and the five or six ton 
hammer with a six foot drop and a steam pressure of one hundred pounds is the ideal hammer for the 
making of shafting up to eighteen or twenty inches in diameter. Being quick in its action and powerful 
in its striking powers it can safely:be taken as being adequate to deal with the largest size of iron shafting 
or other forging that may come under it. 

For the twenty hundredweight hammer the steam pressure should be 45 Ibs, and for the other 
hammers it should rise 15 lbs. respectively as they increase in weight. I have always been a firm 
believer and advocate of having plenty of steam power in the hammers, as it is only by having and using it 
that you get the yalue of the hammer in striking power and speed. A slow labouring hammer, no matter 
what weight it is, is useless for the safe and effective welding of iron. It is only by having the 
furnaces roomy enough to allow for the proper and uniform heating of the iron, and the hammers 
powerful enough to weld and draw down the metal near to the required size whilst almost welding hot 
that we can expect the forgings to be perfectly sound and of good quality. 

I have taken you pretty well over the field of the forging of scrap iron shafting, etc., but to describe 
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in detail the many other and smaller forgings (equally interesting) would take a younger and nimbler pen 
than mine to do justice to them. Before starting to deal for a little with the forging, smithing and 
welding of sternframes made from scrap iron, scrap steel and ingot steel, as well as rudderframes made 
from similar materials, and finishing up with ingot steel forgings made under the press, I would just like 
to make a few observations on what I consider to be the probable cause of the decline in favour of having 
forgings made from scrap iron, particularly so in the case of shafting. 

I begin by saying that whatever justification there was for this falling off in favour of scrap iron, 
the fault did not lie with the material. Iron as a material was, and is, perfectly reliable and suitable 
for the making of shafting provided iron alone is used in the making of them, and that a good quality of 
clean iron which has been properly heated and hammered is used. What could be expected from shafting 
and other forgings that had been made from a so-called iron in which all grades and qualities of scrap 
were used, and in which could be found pieces of old iron rails as well as bits of tool steel. The fault lay 
in the lack of the necessary care and attention being given to the preparation of the material while at the 
piling stage, as well as failing to keep out from amongst it all faulty and foreign materials. 

One other factor which probably helped towards this lack of confidence in iron shafting was the 
using and laying on of old cut or broken pieces of shafts or other round forgings without their being 
heated and flattened on to the porter bars and forming from them the new forgings. Is it to be 
wondered at that the forgings failed in what was asked from them? The marvel is that they did so well 
when forged in such a way. 

If there are any old pieces of broken shafts or other short. round pieces of iron to be used up then 
heat them singly in a furnace and hammer and flatten them out, or lay on so many on the porter bar and 
heat and weld them together, drawing them out into flat slabs. To lay on the round pieces without 
having this done to them is, in my opinion, one of the most dangerous practices one could try, and the 
person who does it runs the gravest risk of all his forgings failing. . 

I have sometimes thought if iron shafts were annealed it would be greatly to their advantage, seeing 
they are forged from a series of layings on of iron and a succession of heats or finishes in which no two 
of them might be finished under the hammer at quite the same temperature, and I venture to think that 
shafting made in this way has more need to be annealed than ingot steel shafts made under the press at 
the one visit and heating. 

In the forging of the separate portions of a sternframe from scrap iron, the general rules set down 
as guides in dealing with the heating and forging of scrap iron shafting and other engine forgings apply 
equally well to the ship forgings, and if faithfully carried out, are sure to be as successful, as with engine 
forgings. 

5 In the laying on of the slabs for this class of forging there is certainly less restriction as to the 
width of slabs to be used than is the case with shafting, but even with this advantage, care must be 
taken not to use too wide slabs on the smaller sections of the frame. 

In the laying up for the bosspart, there is full latitude given for using the widest, as well as the 
thinnest and best hammered slabs it is possible to get, and should they be found not quite wide enough 
for some of the largest bossparts then the better plan is to make special slabs for this job, laying them on 
carefully with plenty of clearance between them for heating. 

Hammer and weld them solidly together, and above everything make sure that not only have the 
heating and shingling been good, but also that sufficient iron has been laid on to form not the boss alone, 
but several feet of the bar on both sides of it as well. 

The boss having been roughly shaped, should be kept a little less in width than proper size, and also 
several inches thicker than the finished thickness to allow for a hole being punched right through it, then 
have it put back into the furnace and heated to a nice welding heat, and then smartly hammer it across 
the flats, thus making sure of welding together any laminated part that may have been pierced or opened 
out by the punch in its passage through. ‘his is the most successful method of forging the bosspart of 
a sternframe that I know of, and, if carefully followed out, will invariably be found successful. 

This, the forging of the bosspart, is really the only risky part of the sternframe to make, and whilst, 
no doubt, some risks attend the forming of the gudgeons on the rudder-post, still they are so slight that, 
with ordinary care in laying on and heating the iron, no trouble need be feared, And as for the making 
of the solepiece, it can be dealt with in a sentence as being a forging more awkward to handle than 
dangerous to forge. 

What I have written and advised as to the best way in which to forge and deal with sternframe 
parts when. made from scrap iron applies equally well if they should be made from mild scrap steel. The 
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same care must be exercised in the laying on of the slabs, and more, if anything, in the heating, 
especially in the final, heatings for if it once gets over-hot in these heatings it is sure to crack along the 
edges of the part being hammered. Should this happen, and only prove to be surface cracks, then leave 
sufficient material on the affected parts to have them all machined off. Scrap steel is rather tricky to 
deal with, particularly in the heating. And one little bit of advice will I give bearing on this feature. 
Give it all the heat whilst in the “slabbing stage” and only light heatings in the others ; and, above all, 
no adding of iron to it in an attempt to escape this danger, for if you do then, and then only, will your 
troubles begin. 

The separate portions of the sternframe have some work done on them before being welded 
together, the boss being bored out roughly as well as having the legs bent to shape in the smithy; and 
the gudgeons on backpost, as well as the solepiece haying some machining and boring done on 
them, it being found much quicker and easier to handle them when separate. Besides proving if 
all the material is sound where the holes go through. 


RUDDERS. 


In the forging of the rudder posts, that is top piece or stock and bottom or mainpiece, from 
scrap iron, the same safe methods as I have advised being carried out in the forging of shafting 
will answer admirably, as with the exception of the taper on the mainpiece there is nothing to 
distinguish it from the forging of a propeller shaft, more especially if the rudder couplings are of the. 
eater type, and the welding on of the collar pieces will be identical with that carried out on 
shafting. 

In forging the top piece or stock more difficulty is experienced in dealing with some of the 
present type of rubber tops than with some of the older, and the making of those which have 
the long swan-like bend at the neck of coupling from scrap iron or scrap steel is almost an 
impossibility. The distance from the centre line of stock to the centre of coupling is so great 
that in laying on the collar pieces to form the coupling (circular) it is extremely difficult to get 
them soundly welded on, as well as to have the face of the coupling square with the centre of 
the stock. In order to make sure of this coming right a good deal of extra material has to be left 
on the coupling face when forged. 

The machining off of all this excess material has rather a serious effect on the quality and 
strength of the finished coupling, and it might be considered advisable to have coupling flanges 
increased in thickness to compensate for the decreased value of the material. 

In rudders where the couplings are square or rectangular in shape, not so much difficulty is 
met with in the forging or in welding on the flange pieces, as the line of the weldings goes straight 
across, and no turning under the hammer is required; as is the case when welding on the circular 
pieces; and I could wish that at least some of the difficulty and danger, attending the circular 
coupling could be borne in mind in designing this particular type of rudder, so that some modification 
might be possible ; as otherwise I am afraid the only safe material to have them forged from is 
ingot steel. 

I will now give you a brief description as to how these same parts are made, from low carbon ingot 
steel under the press. As the tensile limits of the steel to be used in the making of them, must be 
between twenty-two and twenty-six tons, special ingots have to be cast for the purpose. 

We have seen the steam hammer at work and know something of what it can do; but to 
many the power and capabilities of the forging press will be something entirely new, and while 
there are some features in common between the two, in the main feature, viz.—in the power applied. 
They are as distinct apart as the poles. The hammer with its sharp rapid action and alternate 
delivery of light and heavy blows, is the ideal tool for efficiently dealing with the welding and 
making of scrap iron forgings ; whilst the press with its practically unlimited powers is the ideal 
appliance for dealing with forgings made from ingot steel. 

In these two, the steam hammer and the forging press, we have I consider the finest examples of 
what the inventive genius and engineering skill of man has brought to the aid of the forging industries 
of the World ; and I can see the day when, with increased power and speed, forging presses of six to 
pee ga tons pressure will become as general as those now in use, are of from one to four 
thousand. 


Observe it now towering away up almost to the roof of the shed wherein it sits, waiting on the huge 
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fifty ton ingot that is being conveyed towards it by the powerful overhead travelling crane, and as the 
heated portion of the ingot comes under it and rests upon the block down comes the ram. There is a 
momentary pause as it touches the heated steel, then down it sinks into the white hot metal, squeezing 
and flattening it out with as much apparent ease as one would squeeze under foot a piece of soft clay. 

Then up it rises, and as the ingot is drawn backwards or forwards the Press catches it again, 
squeezing it out as it did at the first ; and in a little time the huge octagonal ingot that we saw go 
under it is flattened out to form the boss part of a sternframe ; then as the flattened piece is turned up 
on edge the press salutes it with a few more powerful squeezes, then shorter and quicker comes each 
squeeze as it works down the outside circle of boss, forming the radius required as it presses the metal 
down to the size of the bar at neck, and the same course is followed with the other side of boss, and 
goon it stands out shapely and clear in the centre of the heated mass of steel. It is then turned over on 
the flat and a hole punched right through it, and is then put back in furnace to be heated again, before 
the boss leg and inner post as well as part of the bar that forms the top of aperture is forged to size, 
which is usually done at its next visit to the Press. 

The rudder post with its gudgeons and scarphs is quite as casily forged ; whilst the solepiece seems 
to lose all its awkwardness to forge when made from ingot steel, and handled by the “ turning 
gear,” and as for rudder forgings, hoth stocks and main pieces, there is no trouble in making them, 
and even the type that I have referred to as being difficult to make in iron, are quite easy when made 
under the press, as with an ingot large enough they can soon be squeezed out to whatever size or angle 
‘s wanted. The saws and shaping machines do the rest, and, as Ingot steel does not, like scrap iron, 
suffer from the extra cutting, but is rather improved by having a ood bit machined off, the addition of 
this extra material makes sure of getting the centre lines right in both pieces. 


WELDING OF STERNFRAMES. 


The separate portions of the sternframes, that we have seen forged from scrap iron, scrap steel, or 
ingot steel, having now had the necessary smith work as well as machining done on them before being 
welded, are now taken in to the smithy to have this carried out ; the ends of the bars, where the welding 
takes place, having been cut to the proper length and angle; the portions are assembled and fixed 
and held in position by large flat glands and bolts, which prevent any shifting or slipping taking place 
during the welding of them together. The sketches show how this is done as well as the two methods of 
welding approved of by our Society. And whilst in welding scrap iron or scrap steel, both methods are 
permissible, that is the vee or screwed-up weld, and the glut or open weld, in the welding of the ingot 
steel frames ‘*‘ Glut” welding only is allowed. 

The sternframe having been firmly screwed together and held by the glands, is raised by the crane 
and laid in position across the smithy fire for the heating, and as the heating is wanted to be purely 
local, that is, the parts to be welded together only to be raised to a welding heat, I will try and show you 
how they manage this. The smithy fireplace, generally used for welding of sternframes is open all round, 
with the fire for the heating in the centre, and as the frame is laid across the top of it with the part to 
be welded just over the flame, it is levelled all round, with a fine quality of small coal or slack as it is 
called, which has been well watered, then large pieces of hard coke are built all round on top of this, 
enclosing the parts to be heated for welding, then more is added until it rises above the height of the 
part to be heated, and longer and heavier pieces of the coke are laid across the top forming as it were a 
roof over the fire. This is finished by having a thick layer of the fine wet coal slack laid all over it, 
this being wet when laid on adheres firmly to the rough surface of the coke, as it dries with the heat 
below, and forms a hard close roof through which neither heat nor smoke can pass. 

‘An outlet is left both back and front for observation purposes during the heating, as well as serving 
for the charging of the fire with small broken pieces of coke. Other holes are broken through the sides 
for the same purpose, as well as for allowing the men to try the metal with a small hook (something in 
the way we saw done in heating the iron in the forging furnaces), and as the coke is consumed in the 
heating of the parts to be welded it has to be renewed, until the proper temperature is reached. 

By this time the coke and the wet coal dust have got all fused together, and the fire looks just like 
a little built oven, with its hard, black roof outside, and its white, glowing walls inside. There, fast 
approaching the welding stage, we can discern the parts of the sternframe to be joined together ; and as 
bigs of small stars are carried out on the point af the flames, we know that the iron is at the stage 
when the parts to be welded must be screwed together. 
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This is done whilst they are still in the fire, and after a little further heating the signal is given for 
the crane to raise it and place it under the hammer, where, with a few sharp blows, the welding is 
successfully accomplished, and this, the screwed-up vee weld, has been satisfactorily carried out. In 
the welding of sternframes by the “Glut” method, the only difference from what I have just described 
lies in the manner in which the parts are joined in the welding, and no screwing up of the parts being 
needed whilst in the fire. 

The parts of this frame, as they are assembled, are laid down exactly to measurements—that is, 
the width and depth of aperture are carefully measured and when checked over found correct. The 
glands are laid across it in pairs and the bolts put in and firmly screwed up, thus holding the whole 
frame immovably together until it is ‘* Welded,” and when this is done and the glands come off, it is 
usually found that the measurements are correct. 

The frame, now screwed together, is lifted by the crane and laid across the fire, and heated in the 
same manner as the one we have seen welded. Whilst the glut-piece of iron, that has been shaped and 
fashioned so as to fit the angles of the parts to be joined together, is heated in a separate fire, and when 
the frame parts are at welding heat and ready to go under the hammer, this separate piece, also at 
welding heat, is carried across and laid on top, and by a few sharp blows of the hammer is driven in and 
firmly welded. 

The frame is then turned upside down, and a smaller piece of iron is shaped to fit that side of the 
parts being welded, being afterwards heated along with the frame, and welded in in exactly the same 
manner as the first piece, and the g/wt, like the V weld, has been successfully carried out. : 

I say nothing about the dressing and the finishing up of the welds. For the reason that in most of 
the works nowadays with the appliances they have they find its both cheaper, and better, just to smooth 
up the flats at the welds whilst under the hammer and to machine the excess material off the sides. 
It makes a tidier finish at the welds besides affording a splendid opportunity of judging of their 
soundness. 

In welding together sternframes, that have been forged from ingot steel, “Glut Welding” only is 
used ; this being considered to be the safest method in dealing with ingot steel. The same procedure as 
we saw carried out in the assembling and heating and welding of the iron sternframes, being adopted 
with ingot steel. 

In the latter, greater care must be exercised in the heating than is needed with iron. Not but what 
that material also must be carefully heated, but to allow an overheating of the ingot steel would in 
all probability ruin the material at the welding. Heat it slowly and regularly until it approaches a light 
welding heat. Then just before taking it out of the fire, give a little smart blow up in order to 
make sure that the surfaces of the parts to be welded are clean. 

Ingot steel should never lie soaking in the fire at the welding temperature. As in all probability it 
will be found, should this have taken place, that when it comes out to be welded the first few blows of 
the hammer makes the material crack right across at the weld. Ingot steel should never be brought to 
the welding temperature more often than once, and that should be only a light welding heat, 
The glut pieces of iron that are to join the frame parts ought to be of the best possible quality of iron, 
on which a fair amount of work has been done. Give then all the heat you can, they will easily 
stand being heated soft as well as lots of hammering when being welded; drive them well in with the 
steam hammer and I will garantee the weld will be sound and there will be no cracking of 
material. 

In the carrying out of these several weldings there are a few things which must be borne in 
mind and allowed for by the parties who are carrying them out ; if sound welds are to be looked for. 

1st. Soundness of the material at the parts where joined. 

2nd. Ample metal left on there for proper heating and hammering. 

8rd. Regular and uniform heating ; besides making certain that the surfaces to be joined are 
absolutely clean when brought together to be welded. 

4th. In the “Vee” weldings making certain that sufficient allowance is made for screwing 
together so that the two parts will be in contact; and no cavity left at the point. 

5th In the “Glut” welding keep the points of the two parts to be welded slightly open. This 
provides for cleaner and more regular heating, and as the first glut piece is welded in, the point will pass 
right through between the open points and will be welded soundly on to the point of the second piece as 
its turn comes for it to be welded in. Given these conditions and ample hammer power, sound welding 
is sure to follow. I have heard a diversity of opinion expressed about the two methods of welding 
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sternframes now generally in use, and have been asked on several occasions to give my opinion as to 
which of the methods was best; and without committing myself in any way have answered, “ both.” 
And so they are, provided both methods are properly carried out. And as I think it might prove of 
interest to some of my hearers, or readers, at this time, I will, without expressing any preference for the 
one method or other, try to set before you the special merits claimed for each of the methods by their 
several advocates. 

The “Glut” method of welding iron, scrap steel, and ingot sternframes is considered by its users to 
have several distinct advantages over its rival, the vee or screwed-up weld. First, as being more easily 
got ready for welding ; second, when being assembled, the frame can be laid down level and exactly to 
measurements, being afterwards firmly secured and held in position by glands until welded, so that there 
is neither shortening nor lengthening required ; third, quicker as well as more uniformly heated, the 
points being apart, the flame gets easier around about it, cleaner on the surfaces to be joined ; and 
if they needed to be cleaned this could be done with a birch broom as it came out to be welded ; fourth, 
the frame parts when assembled, having been kept from contact with each other before being welded, 
there is practically no strains set up in the frame outside of the contractions due to the cooling at the 
welds, and even this is greatly minimised by the heatings for the welds being so local. 

We will now consider the ‘* Vee or Screwed-up Method of Welding,” and see what is claimed for it. 

. First, whilst admitting that it takes longer to assemble and to secure the glands in position, as well as in the 
heating, its advocates consider that seeing the welding is carried out in the one heating instead of two, 
as in “Glut Welding,” there is not much difference in the time taken ; second, there is more uniformity 
in the quality of the material at the weld, seeing that both of the parts to be joined are of similar 
material, and no introduction of a third quality of iron as represented by the piece used to join the 
parts in “Glut Welding.” This claim T don’t admit, as the quality of the third piece of iron brought 
in to join the weldings is always of the best quality to be got; third, longer and stronger line of 
welding and a much better assimilation and blending together of the properties of the materials at the 
weld, this being accounted for by the great increase in the sectional area of the metal at the weld, due 
to the screwing together of the parts before they come out of the fire and go under the steam hammer 
and are welded ; fourth, much:more reliable as a ‘“* Weld” than a ‘ Glut” in which they contend, the 
lines of holding only extend over the surfaces of the angles of the parts joined together in the welding. 

I have tried to set before you the merits of the two different methods of welding as claimed by 
their advocates, and as I sit looking at what I have written the old doubts come back into my mind, and 
I ask myself two questions :—What would be the result should it happen that whilst in the fire being 
heated, and before they are screwed up, a piece or pieces of hard clinker should get blown in and firmly 
wedged between the parts to be screwed together ? And, secondly, should it happen that through some 
mischance or error in calculation the piece of the frame to be screwed in was cut too short (no aliowance 
being left on), and, instead of the one piece being firmly screwed up into the other, a cavity was left ? 
It might quite reasonably be said that this is very improbable, and not likely to happen. Granted ; but 
the germ of the possibility is there. 

In the smithy the visitor will find many other things besides those I have tried to describe, and 
whilst he may see many ship or engine parts forged down from solid forged pieces of iron or ingot steel 
billets, he will see no forging done in the sense that he saw it carried out in the forge—laying on and 
forging from the raw materials. The lack of the necessary forging furnaces and other appliances debar 
the shipsmith or blacksmith from being able to do this. But still he may see other things just as 
interesting—rudder arms being smithed and set, whilst others are being shrunk on the mainpiece ; 
tillers, both single and double, being smithed and dressed ; stembar halves being welded together. All 
these he will see, as well as many others both interesting and instructive, and should his visit be 
opportune he may see some other things that I have not touched on in this paper. 

I now propose taking you for a little into the press shop, so that you may see something more of 
the work carried on there than what you were able to obtain in the one brief visit paid it. And as I 
started out in my paper by saying that the moise of a forge had rather a confusing and disquieting effect 
on a visitor who entered it for the first time, so now I reverse the order of things by saying that the 
silence of the press shop, as compared with the noise of the forging sheds, is likely to produce the same 
éffect on the visitor who enters it for the first time. 

At the press, one of the largest size, we find them busy forging some rather large connecting rods, 
and as they are just starting to form the forked end of the rod, you will have a splendid opportunity of 
seeing and judging of the compressive powers of the forging press, 
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The ingot having been shaped roughly down near to the size of the flange on connecting rod head a 
round piece of iron is laid across on top, and one underneath so as to mark the inside of the flange; down 
comes the press, a squeeze is given, and down sink the two round pieces of iron to their diameter of quite 
four inches into the heated steel; they are then knocked out and the press comes down on the top of the 
line they have formed. A squeeze again, and as the ingot is moved about it presses harder and harder 
into it, until in a little while you see the flat at the neck of the rod formed, which is followed in a few 
minutes by the rough outline of the body part. The ingot is then pulled back towards its end and is 
flattened out so as to form the tee end*of rod, and is then cut inside and outside to the required width 
with a piece left on end for the test piece. 

Having thus been roughly forged and shaped out, it is put back into the huge furnace to be 
reheated, and when again it comes under the press it will be drawn out to length, and smoothed all over, 
and then cut off and go into the annealing furnace before being taken into the machine shop. 

At another Press you find them busy forging a very large thrust shaft. The huge octagonal shaped 
ingot used to make this shaft has got all rounded up along part of its length and has been reduced several 
inches in the working, and is now a suitable diameter to form the couplings of the shaft. 

A length rod is then laid on, on which has been marked the length needed to be takenin of the 
rounded up ingot to form and draw the whole length of shaft inside of the end couplings. (This being 
calculated on the basis of the ingot being rounded up to a given diameter.) Two round bars are then. 
used, one laid on the anvil block and one on top of the ingot (directly above the other), and as the ingot 
is turned round bit by bit, by the powerful turning gear, the press giving a squeeze after each movement, a 
circumferential groove is formed in the ingot which goes to form the neck of the coupling, the ingot is 
then drawn back towards its end and the same operation is carried out in forming the neck of the second 
coupling, and the material between the two sunk grooves is drawn down to size for the barrel or thrust 
part ; the length rod is again brought into use and the length over the thrust rings is marked, and the 
two round bars are again laid on and the necks of the thrust part are taken down in exactly the same 
way as we saw the necks of the couplings being done, and on the outer end of one of the couplings the 
test block is left. It is then reheated and like the connecting rod will be finished and cut off on its next 
visit to the press and go into the annealing furnace. 

This procedure, which I have tried to describe, applies equally to all shafting or other round 
forgings. Crankshaft couplings and body pieces and pins being all forged in one length (like an 
intermediate shaft) and sawn into the required lengths, or they may be forged singly, or in short bobbin 
lengths sufficient to make two ends. These things are generally determined by the amount of surplus 
material that may be left over from the previous making of some special forging. 

At another press we find crank webs being forged ; and here as in the forging of the journal parts, 
you will find two or three webs forged together, it is all one to the press whether there is one or two 
together, it simply flattens them out and cuts them off like cheese, large intermediate shafts, or rudder 
tops and bottoms, it deals with just as easily and expeditiously, as it does with the smaller sizes, and you 
will see shafts twenty feet in length, and sixteen to twenty inches in diameter cut off in one heat, and all 
without any seeming effort. 

Truly the forging press is a marvellous tool, and as [ have already said, with almost unlimited power 
behind it and no end to its possibilities, and even should high carbon and nickel steel become more 
generally used to make forgings from, the press can easily be made to deal as efficiently with them as it 
at present does with ordinary carbon steel, so what more can I say about it, than this: that in the 
forging press we have a tool for the making of ingot steel forgings 

“ Without a Rival or a Peer.” 

I lay aside my pen with the sincere hope that what I have written and tried to describe as the aims 
and methods underlying and employed in one of our country’s greatest industrial assets (The Forging 
Trade) might prove of some little help and assistance to my colleagues ; and should it only prove half 
as interesting to them as it has been pleasant to me to write it down, then I will feel content and have 
reason to bless the kindly thought that asked me to do it, and furnished me with a congenial theme and 
outlet through the long dark winter evenings. 

Sincerely yours, 
M. ROBERTSON, 
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Mr. M. Roperrson. 


Thanks to the generosity of our Committee and the warm, personal interest they have always taken 
in the welfare and intellectual improvement of their Staff, I find myself to-night in the happy position 
of meeting and greeting some old friends, and may I express the hope of inaking some new ones. 

When Mr. Watt informed me that the time taken to read my paper was an hour and a half, I 
decided that it was far too long, and suggested that the paper should be taken as read, and a short 
introductory address substituted in its place, which would deal with the Forging trade of a century ago. 

With your kind approval, therefore, it is my intention to try to describe to you how those early 
pioneers of the Forging Industry made the most of their opportunities and of the appliances at their 
command. 

Most of this information was imparted to me by my father, who received it in his turn, from my 
evandfather, and therefore it is given to the members of this Association by the youngest member of a 
family which has been closely identified with the Forging trade in the West of Scotland for at least 
three generations. 

The main features of the earliest known type of hammer used in the making of scrap iron forgings, 
are embodied in this little model. 
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The turbine or “ bucket wheel” as it was spoken of in those early days, was operated by water 
power, and the movement thus obtained was communicated to a sprocket or tappit wheel which 
alternately engaged and released the hammer lever. 

Cast iron and wood were the only materials used in the construction of this hammer, a large ash or 
elm log was selected and roughly shaped and dressed to form the shaft or helve, the hammer head was 
next fixed and keyed in position, to be followed by the crosshead which was arranged some distance 
further along the body of the helve. 

The crosshead had tapered points which fitted into eup shaped sockets in tlie sides of two large tree 
trunks which acted as uprights for the hammer helve. 

The uprights were set firmly several feet into the ground and separated by a distance which 
corresponded to the length of the crosshead between its tapered points, and increased two inches in excess 
of this at a position three feet above ground level. The reason for this will be explained later. 

The helve, with the head and crosshead attached, was then hoisted into position, and the tops of the 
uprights were then drawn together by twisting and racking, with a stout wooden pin, the several turns of 
a chain which had been passed between them, until the crosshead points found a resting place inside the 
cup shaped sockets. 

Strong bolts were then passed right through the uprights, plates were fitted, and the whole firmly 
screwed up to hold the hammer helve securely in a position which ensured a ready response to the touch 
of the sprockets on the wheel. 

This then was the type of hammer which first aroused my youthful interest, although even at that 
time the slow, single acting Condy or Nasmyth hammer had been long in use, but of course in a form’ 
much inferior to the splendid double acting hammer of the present day. 

As I look back over almost half a century, I see the old black forging shed, in the corner of which 
sat this old world hammer with its water wheel and tank perched high above it, and from whence there 
came a continuous arp, drip, whilst all around through rock and soil was heard the gentle murmur of 
running water, and as | picture those dark winter mornings when, in the company of my brothers, we 
rushed into that old black forge to warm ourselves, and saw the leaping flames from kindling fires thrown 
back from the glittering crystals that hung in hundreds along the walls and from the sides of the silent 
water wheel, it was like a glimpse into Fairyland. And when the sluice or gate in the tank was raised 
and the water rushed out filling the buckets, and the wheel began slowly to revolve, then faster and 
faster it was whirled around as more water was admitted, and we jumped and danced with glee as we 
watched and listened to the smashing and crashing of the icicles as they disappeared into what, to us, 
seemed unknown depths. 

In such surroundings, and under such a hammer as I have tried to describe, was forged in the early 
part of last century the first round scrap iron shaft made by the Kilmarnock Forge. The forging of this 
shaft marked a new era in the history of the firm, as previous to this date, most of their forgings 
had been of an agricultural type—plough beams, sockets, coulters, spades, shovels, cart axles—and 
occasionally an order from the local quarries for a few hundred hammer heads or as termed locally, 
quarry malls. 

The shaft was for a local Colliery and was three or four inches in diameter, and it was a treat to hear 
my father describe all the preparations made by his father for the forging of this history-making shaft. 
He described how the scrap was carefully selected and piled into diminutive balls that were laid on little 
hand staves and carefully heated in the small blast fires. They were then hammered and shingled into flat 
slabs that were afterwards cut in halves and doubled back on the staves before being re-heated and drawn 
down under the hammer into small square sections and lengths suitable to make the shaft. All this he 
told us, and how four of those small square forged bars were taken and laid together, two on two, and 
held in this position by a pair of glands at one end and a large pair of tongs at the other. They were 
then raised by what was probably a double pair of rope blocks, and laid across an open fire to be carefully 
and regularly heated to a welding temperature, an operation which was effected under the little hammer. 

Thus it went on alternately heating and welding, until one half of the shaft had been welded and 
rounded up along its length. It was then turned round and the other half similarly treated, and in this 
manner we were told the first round scrap iron shaft was successfully forged. 

I have in my time come across one or two old shafts and anchor shanks intentionally broken, that 
had been made by this “double faggoting” method, and was greatly struck by observing how closely they 
had been joined together in the welding, and how the outline of the sections could be quite clearly traced 
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in the broken surfaces, but it has never been my experience to hear of one failing or breaking whilst at 


work. Surely a fitting tribute to the work and care of those early pioneers of the forging trade, who 
built so wisely and so well. 


Mr. J. T. Minton. 


We must all thank Mr. Robertson for his very valuable paper. It is especially valuable to us as 
Surveyors who often have to decide upon the acceptance or rejection of a forging which shews some 
defect or want of perfection on its outside surface. In such case we wish to know what the apparent 
defect actually means, and in this we are helped if we know exactly how it has been made. [t may 
possibly be that an apparent defect has been caused by some slight imperfection in procedure which, 
when we know the method of manufacture, we can recognise as being of comparative unimportance and 
that the defect is only on the surface. On the other hand it may be an outward manifestation of a deep 
seated and dangerous flaw. It may be a local want of homogenity due to the imperfect union of two of the 
small pieces of scrap from which a forging has been built wp or on the other hand it may be an indication 
of imperfect union of two of the slabs, or possibly in the case where the article is not new and has been 
subjected to stress and strain it might be the result of overstrain in use. 

A knowledge of how large iron forgings are made is especially helpful to those who have to decide 
upon their acceptance, or otherwise, when they see the inevitable black marks which distinguish iron 
forgings from the almost flawless appearance of the mild steel forgings which are far more common. 
After a long experience of machining steel forgings, the marks visible in all iron forgings may 
appear to indicate doubtful quality and throw doubts upon the forging, but such marks are inevitable 
in iron. It may even be said that from their appearance it may he possible to decide that 
a particular forging which shews more of these marks than another is really the better of the two, 
as a well worked scrap forging will in general be less clean in appearance than one made say of new, 
little worked, puddle bar. 

A very valuable part of the paper is that in which the sizes of hammers in proportion to the size of 
forging is dealt with. It is impossible to make good material out of bad and it is also impossible to 
make good forgings even with good material if the hammer is not suitable. It is certainly impossible to 
put the proper amount of work on a forging with too small a hammer, and it is bad also to use too 
large a hammer on a small job. The same thing applies of course to all hammer work. No one uses a 
7 lb. hammer to drive small nails, nor does a carpenter use a brad hammer to drive a 10 inch nail. 
Suitable hammers are chosen for the work to be done. 

It is very noticeable that the author has a great aversion to the admixture of even a small quantity of 
scrap steel amongst the iron used for forgings. If the scrap steel must be used for forgings it must be 
used by itself, bunt no doubt he considers that the proper place for the utilization of serap steel is the 
melting furnace, in which case it will not matter very much if an odd chisel or other piece of tool steel, 
or even a bit of cast iron gets mixed up with the scrap. It is useful to know how old frames, shafts, 
ete., can be safely utilized for forging purposes and that they are not suitable unless proper care is taken 
in using them in a correct way. 

Most of the paper is taken up with iron forgings, and in noting this, one must remember that what 
the author has told us is really not only how the iron forgings are shaped, but also how the mass of material 
is made, whereas with steel forgings the manufacture or preparation of the material is not dealt with by 


the forgeman who has it brought to his hand inthe shape of ingots or blooms in masses large enough 
for his purpose. 


After reading of Mr. Fletcher's Letter. 

Mr. Fletcher points out that Mr, Robertson has given much attention to iron forgings and less to 
those made of steel. {fam sure we have not had too much attention drawn to iron forgings. Their 
manufacture presents difficulties which do not occur when we start with what we think is a perfect 
ingot or bloom. No doubt much more can be written upon the manufacture of steel forgings, but I 
think it would be unkind to ask Mr. Robertson to supplement his paper by enlarging on the subject 
of steel, seeing that he has already given so mach time and labour in preparing the present paper. 
Would it be too much to ask Mr. Fletcher to undertake this subject? I am sure that if he 
were to give us so good a paper on steel forgings as Mr. Robertson has on iron, we should be very 
much indebted to him. 


I  ———— 
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Mr. C. Fow ine. 


We have to congratulate Mr. Robertson on the excellent paper he has prepared for discussion this 
evening. It is, so far as I know, the best that has been written on the subject, and it is one to which 

we shall often be able to refer, as to a text-book. he historical account he has given us to-night of the 

practice of forging under the old tilt, however, has also been of great interest. 

I am pleased to see that Mr. Robertson has dealt so strongly with the harmful effects of mixing 

| steel and iron scrap in the manufacture of forgings. 

| There have at times been failures with ship forgings that have been nominally made of scrap iron, 

| and when these failures have been investigated, the conclusion arrived at in some of these cases has been 

that the failure was probably brought about by steel scrap having been mixed with the iron, perhaps 

| quite inadvertently. 

i On account of the danger of imperfect welding in such a mixture, the Rules require important 

forgings, such as rudder heads, quadrants and tillers, to be of the best hammered iron or steel, and add 

that a mixture of iron and steel scrap must not be used in their manufacture. 

There is one point on which Mr. Robertson might give us a little further information. It says in 
the paper that :— 

“ Forged ingot steel frames must be glut welded, and that for glut welding the frame has to 
be placed in the fire twice.” 
“ Yet ingot steel must not be brought to a welding heat more than once.” 

It would appear to be very difficult to ensure that some parts which were raised to a welding heat, 
when the frame was first heated for the welding in of the glut on one side, are not again raised to 
i a welding heat when the frame is placed in the fire the second time for the welding in of the glut upon 
in the opposite side. 
ik have no doubt Mr. Robertson will tell us what arrangements are made to localize the heating, so 
| that no part of the steel round about the weld shall be raised twice to a welding temperature. 

i, We speak of the forging when completed as an ingot steel forging ; yet if we take a cross section 
I of the frame through the centre of the glut weld, there would appear to be not a bit of steel in the 
i} section, the two iron gluts which have been welded in, one on either side, meet in the centre, and give a 
| complete cross section of iron, ‘The frame is not homogeneous. 

| Now if steel scrap can be welded together to make a scrap steel forging, which Mr. Robertson tells 
us can be done, why cannot steel gluts of the same material as the frame be used for welding the two 
parts of the ingot steel frame together, in order to produce a homogeneous steel frame ? 

It was the practice at one time to slab iron knees on to steel beams, because it was considered 
impracticable, or difficult, to weld on steel knees; then steel knees were welded to the steel beams by 
means of a strip of iron, something after the fashion of the iron gluts in the ingot steel frame, but later 
it was found that steel knees could be welded to the steel beams with little more difficulty than the iron 
knees. Now of course there is no welding, the knees are practically always riveted to the beams. 

I shall be glad if Mr. Robertson, in his reply, would be good enough to give us a little more 
information on the welding of steel to steel, as we know he can speak with authority on the subject. 


Mr. J. W. Diamock. 


Three points stand out clearly, which are, in my opinion, the very basis of a good scrap forging, 
namely, careful selection of the scrap, careful cleaning of the scrap, and careful forging, and if these 
are obtained success will follow. ? 

The selection of scrap has not always been what one would expect, and I can instance a case, 
when, after removing some wasted iron steam space stays and cutting them through, several were found 
to have the section of a small steel rail running the whole length and perfectly defined. 

The very small percentage of the screw shafts recorded broken shews that great care is taken in 
their manufacture and in the inspection by the Surveyors. 

However, in my opinion, all large important forgings should be made of mild steel, the composition 
and qualities of which are known, and the scrap forgings relegated to unimportant cases. 

In ingot forged shafts the method of pressing up the end of the shaft in a die to form the coupling 
commends itself, as the forged size is reduced to a minimum, and the amount of machining is considerably 
lessened. 


r 
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With regard to the practice of using an iron glut in welding in preference to welding the solid 
steel forgings together, it would appear that both methods are good and reliable, and in the welding 
of furnaces both methods have proved successful. 

Referring to the tilt hammer I found their use was quite common in the manufacture of tool 
steel, and on enquiring why they were retained in these more modern days, was informed that the blows 
were uniform and this made the finished bars uniform in quality. 


Mr. W. Dennis Heox. 


At the inaugural meeting of this Association we were warned against becoming a mutual admiration 
society, but in spite of that warning I venture to say that Mr. Robertson is to be warmly congratulated on his 
paper, and the Association is to be congratulated on having such an excellent paper read under its auspices. 

The reference to the making of bricks without straw is most interesting as it pays tribute to the 
memory of that early pioneer, an Egyptian gentleman, who was not only convinced that bricks could 
be made without straw, but even went to far as to issue an edict that they should be made without 
the use of that particular raw material. The gentleman’s fame has accordingly extended through many 
centuries, and it may be that as a result of this paper Mr. Robertson’s name will be heard of for 
centuries to come. 

In the quick tour round the works, Mr. Robertson has not had much time to stay long in one 
place, and I should like to entice him back to the annealing furnace. 

The necessity for annealing ingot steel shafts was well illustrated by an occurrence at a well known 
forge some few years ago. 

It was the practice of the firm to detach the test pieces from the forgings by means of a falling 
weight. On one occasion, however, the weight was dropped and struck the test piece with unerring 
accuracy, but the test block did not break off ; instead, the shaft itself broke clean through the middle. 

Now in the case of the failure of a steel plate it has been said that no one is more likely to 
ascertain the true cause of the failure than the people who made the plate, and possibly the same 
holds good with regard to forgings. 

It is interesting therefore to note that in this case the firm did not complain that the steel was 
initially of bad quality, nor that the ingot had been unsound; they did not discharge the forgeman or the 
heaterman for overheating the steel, but they very promptly turned to and rebuilt the annealing furnace. 

Annealing, one understands, should be carried ont with great care and at the proper temperature, 
for unless the temperature is correct the crystalline structure of the forging may be spoilt. 

One would therefore be glad to know, that in the specification of an ideal forge, instruments for 
ascertaining the temperature of the annealing furnace were included. 

The proposal to anneal iron shafts is new to some of us, and it would be interesting to hear the 
facts on which the proposal is based. 

In the case of ingot steel shafts made at one heat, it is necessary to note that while they may 
be made at one heat, they cannot be forged throughout at one temperature, and proper annealing 
will therefore be beneficial. 

Mr. Robertson has given us a very accurate description of the process of manufacture of scrap 
iron, scrap steel and ingot steel shafts, and in regard to the two former, one can only remark that a 
tremendous amount of care has to be taken in order to produce a good shaft, and after all that care 
we still have hundreds of welds any one of which may be spoilt by the presence of an annoying little 
bit of clinker or dirt. 

One is therefore inclined to ask, would it not be much simpler to stick to the ingot steel shaft 
aid to relegate scrap steel, at any rate, to the melting furnace. 

In conclusion, I wish to thank Mr. Robertson for his valuable paper, and I am sure that if in 
preparing his paper Mr. Robertson derived one-half as much pleasure as we have had in listening to 
it, then his long dark winter evenings must have passed as if “Summer ‘Time” had been continuously 
in operation. 

Mr. J. S. Ormiston. 

Mr. Robertson’s paper contains a wealth of information on a very important subject, which, so far as 
I know, receives but little attention in the Technical Press. Yet, it is but a truism to say, that the 
production of a sound reliable forging is a matter of the utmost importance in every branch of 
shipbuilding and engineering. 
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I should like to make one or two remarks which will be more or less in the nature of questions 
regarding the subject of the paper. I would be glad if Mr. Robertson would inform me, referring to the 
matter on page 6, why it is considered bad practice to make the piles for forgings of a greater weight 
than two-and-a-half hundred weights each. Also, Mr. Robertson in the same paragraph speaks of using 
two slabs, if a pile heavier than this be required. Does the reheating of the two slabs get over what is 
evidently considered the bad practice of using heavier slab. 

With reference to the sketch facing page 19, of the rudder stock and head, I notice Mr. Robertson 
indicates a substantial fillet to the rudder stock on the under side of the lower flange of the coupling. 
I think this fillet is a very good thing to have at this place, and I should like to ask Mr. Robertson 
whether he knows of any cases of trouble with rudder stock forgings where this is not done. I think I 
am correct in saying that a fillet is not always made. he bolts in the coupling are usually eccentrically 
arranged with respect to the centre line of the rudder stock, and it seems only logical that material is 
required for the conveyance of the torsional stress in the outer fibres of the solid stock to the aftermost 
bolts of the coupling, especially as plenty of material is usually provided in the rudder head above the 
coupling. The point I mention is relevant perhaps more to the design than to practice in forgings, but 
has a certuin amount of relevance to the latter, and as I happen to know of a case where fracture took 
place at the lower part of the lower flange of the coupling, a fillet not having been provided, I thought 
I should like to ask Mr. Robertson if he could give us any information in this connection. 


Mr. J. CARNAGHAN. . 

Mr. Robertson gives in his paper a large amount of valuable information but, even although this is 
the case, it is hoped he will forgive the desire to know more. 

On page 7 it is stated “ In making forgings from mild steel scrap greater care has to be taken in the 
heating and a higher temperature employed, than in the case of scrap iron.” Is the expression “ higher 
temperature ” relative to the melting point of these metals? It appears that the melting point of low 
carbon or mild steel is about 2876° F., and that of wrought iron is about 2910° F., whilst the welding 
temperature of the latter is about 2550" F. As the melting point of steel is slightly lower than that of 
wrought iron, it might be advisable if the Author would explain his statement. 

With reference to the statement on page 8 respecting the various brands of new bar iron, is it to be 


implied that all the grades of wrought iron mentioned, are suitable for important forgings ? 

On page 9, it is stated that the size of the short pieces of iron which are placed on the porter bar and 
between the slabs is about 2” square. Unfortunately, this size is usually determined by the nature of the 
contents of the scrap pile, and also by the height of the heating furnace opening. When the forging is 
of large sectional area, the number of slabs to be added to the porter bar at one heat is naturally 
restricted by the latter, and the tendency is to cut away the distance between the slabs by using thinner 
distance pieces. It is quite possible that, by the consequent faulty heating, some portion of the 
surfaces between the slabs, or between the slabs and the porter bar, does not attain the necessary welding 
heat, and thus the formation of a cavity may be initiated. 

Even when the greatest care has been taken in the production of the forgings, it is always 
advisable to bore out the eyes of crank webs, the centres of stern frame bosses, and the jaws of the 

‘connecting and piston rods, in order to ascertain that the forging is sound before the machine finishing 
of same is proceeded with. 

It has become an almost universal practice to make one piece crank shafts and thrust shafts of 
forged steel even when these shafts are of small dimensions, and, after a few years survey experience of 
crank and thrust shafts made of wrought iron, one will not express surprise at the modern tendency. 

The glut method of welding stern and rudder frames has its advocates, and certainly from 
experience this method has proved reliable. 


Mr. R. 8. JOHNSON. 


Nearly all general engineering works have forges in which small work, such as the welding of 
simple collars to round bars, is carried out, but the heavier class of forging has now become a specialized 
branch of the industry. 

This has been largely facilitated by the introduction of the steam hammer and hydraulic press, 
although it is open to the manufacturing engineer to instal these machines in his works, and many 
have done so. 
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A most pleasing feature of the paper sis the obvious enthusiasm of the Author for his subject, and 
[ think everyone who has visited a forge, will be in agreement with the opening paragraph, which gives 
expression to Mr. Robertson’s particular delight in the steam hammer, with its wonderful devices, 
marvellous precision and efficiency. 

It is perhaps of interest to note, that the steam hammer was invented by James Watt in 1784, but 
but it was not until 1842 that Nasmyth developed the idea and produced a hammer suitable for practical 
purposes. 

Whilst reading the paper, several points occurred to me ; they are possibly trivial and the outcome 
of inexperience, but perhaps Mr. Robertson will treat me kindly and mention them in his reply. 

When working up a forging by means of the press, the forces induced will undoubtedly penetrate 
completely through the material, whereas when the hammer is used, the forces are more likely to be 
concentrated on the outside of the metal; if this is so, it appears to me, that without much difficulty 
a doubtful bar could be nursed by the hammer into a seemingly sound forging, which would have shown 
defects if the press had been used. 

I should also like to have Mr. Robertson’s opinion concerning the extent to which the quality of the 
iron is affected by the action of the hammer and the press, and to what degree the forged material retains 
or loses the qualities of the “scrap” from which it is made. 

The paper includes a very clear account of the vee and glut welds which are used when piecing 
together the portions of a sternframe, but | should like to suggest that the paper would have had added 
value if the Anthor had briefly described other systems, such as the ordinary scarph and lap welds, 
together with the particular work for which they are most suitable. 

Mr. Robertson lays particular stress upon the necessity to rid the forging of all slag, and any type of 
weld adopted should facilitate this. Where it is possible to do so, it is customary to give convexity to 
either one or both of the contact surfaces of a weld, to ensure the first union to take place at the middle 
line, and so make it practically certain that all the slag is expelled outwards. 

I have already mentioned that forging has become a specialized branch of engineering which makes 
it impossible for many to acquire practical experience of this class of work, and for this, apart from any 
other reason, Mr. Robertson’s subject is a welcome one. 


Mr. R. Banrour. 


With reference to this important subject so ably dealt with by Mr. Robertson, the Committee of 
Lloyd’s Register of Shipping, in 1906, owing to some cases of failures of shafts of steam vessels, issued 
a circular letter to the Society's Officers in the districts in which shafts were made. This circular invited 
suggestions as to quality of material or methods of manufacture and inspection which, in their opinion, 
would ensure better shafts being made. 

Only a few of those present have been fortunate enough to have seen the replies, from which 
doubtless a very interesting parallel might have been drawn with the subject matter before us. 

My own experience in this line was limited to occasional visits to the iron making department while 
“doing time” at steel testing—apropos of steel testing duty, I may remark that in those days it was 
regarded by some as “ penance.” Without wishing to be in any way superior to the young surveyors of 
to-day, I would like to point out that many advantages are to be derived from such experience—indeed in 
my humble opinion it is practically a “sine qua non” in the equipment of a surveyor. 

In the “‘puddling process” when the iron has reached the boiling stage aud becomes cohesive the 
puddler divides the contents of the furnace into four balls, each weighing from 1 to 14 cwts. The four 
balls are then taken to a heavy steam hammer and hammered together into a square bloom and rolled 
down to saya lin. thickness; if a piece be cut off and the section be closely examined four layers will 
be seen, each of these representing one ball. I merely mention this to shew that even in the manufacture 
of the pure iron the material is not perfectly homogeneous. 

It will be observed that the Author emphasizes the importance of great care needed throughout the 
whole pene: to my mind the most vital part is that played by the personal equation, commonly known 
as the human element. 

With the assistance of modern science and mechanical appliances so far as shafting and other working 
parts of engines are concerned I should prefer forgings from ingot steel. 

The Author's reference to welding and the definition thereof is very interesting and reminds me of an 
experience T had when the oxy-acetylene so-called welding process was first introduced in boiler repairs in 
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the district under my supervision. The operator, a recognised expert, was proceeding with the work in 
the usual manner. I took exception to the term “ welding” being used unless hammering were applied to 
the metal when in a plastic condition. This was agreed to and the metal was subsequently hammered 
during the process. This to my mind ensured a more sound weld and got rid of any gases which might 
have got mixed in the metal. The result was an absolute success, as it never gave any trouble 
afterwards, 

THe Presipent—Mr. W. Warr. 

We ave indebted to Mr, Robertson for his interesting and instructive paper on “ Forging Practice,” 
and we are further indebted to him for coming all the way from Darlington to be present with us to-night, 
I am sure I voice the feelings of everyone present when I express to Mr. Robertson our warmest thanks 
for his paper, and also for the interesting account he has given us of the work of the early pioneers of the 
forging industry, and we hope on some future date to have the pleasure of a further paper from his pen. 

There are one or two points in his paper to which I should like to call attention. 

In the first place, as he deals almost exclusively with the manufacture of iron forgings, and only 
refers very briefly to steel forgings, I think the title of his paper should have been “Ivon Forging 
Practice.” Mr, Fletcher suggested that the other Forging Inspectors should be invited to give papers on 
the subject, and IT hope that next session we will have the pleasure of listening to a paper by him or 
by one of his colleagues on Steel Forgings. 

I do not agree that it is necessary to have an iron glut in an ingot or scrap steel forging, and steel 
gluts have been used for many years with perfect success; and as the most uniform results must be 


obtained when only one quality of metal is used, I think the vee weld, when properly made—and there is © 


no reason why it should not be properly made—is the most satisfactory. 

Mr. Dale refers to a test made on a vee weld with satisfactory results, and asks if a similar test had 
ever been made with a glut weld. Many years ago I witnessed such a test with a double glut weld on an 
iron bar 6” x 6”, which had been prepared for demonstration purposes, and the weld gave way before the 
test piece was bent much beyond 90°. That, of course, is not a final proof, as it may have been due to 
faulty welding rather than to any defect in the system. 

{t may he interesting to relate that just prior to the late war I read a description of a shaft which 
had been made in Germany, and had been in use for five years in a large mill in that country. The 
shaft was made of ingot steel of 28 to 32 tons quality, and was about 60 feet in length, and about 
14 inches in diameter. It was made from 10 ingots welded with an ordinary scarph weld. 


CORRESPONDENCE. 


Mr. CAMPBELL. 


With few exceptions, I am in general agreement with Mr. Robertson regarding the practical methods 
of ensuring the production of first-class forgings. The subject is dealt with in a most elaborate and 
exhaustive manner, and I am sure the members of this Association will feel indebted to the Author for 
the very lucid and comprehensive manner in which he deals with his subject. 

The importance of the selection of scrap cannot be over estimated, but I must state that fre uently 
I find materials included which should not be used. However, I do not agree that scrap iron and scrap 
steel cannot mix and become one perfect whole, as I have personally made hundreds of tons of forgings 
from mixed scrap. Scrap from ship plates is of low carbon, and, in my opinion, the percentage of carbon 
and its deleterious effect is largely minimised in the furnace and the steel becomes sufficiently plastic to 
amalgamate with the iron. I agree with Mr. Robertson, however, that line shafting should be made from 
bar iron of, say, double B quality. 

Mr. Robertson recommends the use of natural draught in furnaces, and I fully agree with him, as, 
where forced draught is used the material may be roasted on the outside and imperfectly heated on the 
inside. 

In regard to successful heating, it should, 1 think, be borne in mind that, in addition to scientifically 
constructed furnaces and suitable chimneys, the use of good coal is essential. 

The welding heat of iron is about 1340°C., and in order to obtain this welding temperature the 
furnace should be about 1730° C., but the desired heat cannot be obtained with coal which is not of good 
heating quality. 
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Referring to the bursting of shafting during the process of manufacture, when this takes place the 
only safe thing to do is to reject it at once, let there be no attempt to mend it—as it cannot be done. 
Respecting the laying on of collars on shaft ends, it is usual in forges in this district to put the collar 
piece on for welding with the points of the collar piece gripping the side of the shaft, leaving an opening 
between the surface of shaft and the under side of collar to allow for efficient heating and not as shown 
on diagram, also with regard to the laying on of the shingled slabs it is the usual custom on the 
Tyne to prepare the forging with a practically level surface, by knocking a round bar into the 
forging and levelling up, scarph the bottom slab to suit the formation and all things being equal 
soundness is certain. 

I must state that I like the aforementioned method much more than that shown on page 18. 

I do not approve of the method of securing the assembled parts of the sternframe for the welding 
operation as shown on page 15; this arrangement for screwing the parts together during the heating has 
always appealed to me as lacking in efficiency. In my opinion the most practical way is to put the boss 
leg and back-post together, make and finish your arch weld, after which you fix the bottom piece in 
position, place the bars and screws in position, the full length of the back-post, having the screw placed 
at a convenient distance from the fire and as the heat becomes plastic the screwing operation can be 
carried out with comparative ease, with absolutely no possibility of slipping. In my opinion the method 
shown does not lend itself to the same degree of efficiency. I am also of the opinion that the vee system of 
welding is by far the most efficient for either scrap steel, iron, or mild ingot steel. In vee welding there is 
always a larger margin of material to allow for depreciation and “swilling” in the heating process and 
the sectional area is increased as the screwing up operation proceeds as against the depreciation in the 
glut-weld, and it only requires careful attention in allowing the material time to soak and become 
thoroughly plastic, in which condition the two parts are actually welded before the heat is put under the 
hammer, This fact can be clearly appreciated when it is known that a length of about 14 inches is allowed 
for screwing up and the stern frame parts being secured in the aforementioned manner it is absolutely 
impossible for any elongation or slipping to take place. 

The method of glut welding is, in my opinion, franht with dangers, one or two of which I will 
enumerate as briefly as possible, as I have already exceeded the remarks I intended to make, owing to the 
subject being one of interest to me. When the two parts of the sternframe are placed in the fire very 
much greater care has to be exercised in the heating of the “ butts.” he distance to be covered over the 
heating surface for welding purposes may be from 7 inches to 8 inches from point to point across the vee 
and due to the nature of the material a good deal of “ Swilling” takes place and the necessary care to be 
exercised in preserving the points of the vee until the larger section is sufficiently plastic for welding, 
entails responsibility for the smith or his heater. Also when the frame leaves the fire for the anvil block 
unavoidable delay is caused by having to thoroughly brush and clean the vee before the application of the 
glut, and it will be seen that while this operation is taking place the welding property of the material 
is deteriorating considerably and in view of the time lost between the frames leaving the fire and the 
glut being brought from the fire (the glut must not leave the fire until the smith calls for it) and 
dropped into the vee it has often been a question whether the welding has been a success, also if the glut 
by inadvertence has not been heated for a sufficient length to more than cover the length of the vee a 
defective weld is the result. Should the smith in error withdraw the heat from the fire and afterwards 
tind the heat obtained is less than he expected, rather than return the heat to the fire he will trust to the 
possibility of a well heated and plastic iron glut compensating for the defective heating of the steel, 
especially if he is working on a price per ewt. 


Mr. J. Dar. 


After reading Mr. Robertson’s paper on “Forging Practice,’ I felt that I could not let the 
opportunity pass without some comment on one or two points raised in the paper. I feel sure he will 
take my criticism in the spirit in which it is given. 

As time will not permit me to go through the whole paper, I shall only touch on one point, viz., the 
methods of welding sternframes. 

In one paragraph the Author states that he has been asked on several occasions to give his opinion 
as to which method—the vee weld or the glut weld—is better, and he answers “both”: but after 
explaining the two methods of welding, he gives me the impression that he doubts the vee weld and 
favours the glut weld. 
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i Now, regarding the glut weld, it is stated in the paper that a third quality of iron is required in the 
upper weld to join the main portions together, and a fourth quality is required to fill in the cavity in the 


i} lower weld after the first glut is welded in and the frame turned over ; consequently the two glut pieces 
form a cross grain in that particular part, which I consider is one of the worst features of this type 
i of weld. 


Another point I would draw attention to in the glut weld is, that two welding heats are required 
and that four surfaces or lips are to be welded, whereas in the vee weld, two surfaces only are necessary, 
and these are welded at the same time with only one heat. 


Mi Mr. Robertson further calls attention to the danger of ‘a piece or pieces of clinker getting blown 
between the parts screwed together.” 

i\ That, as I know from personal experience in welding large sternframes, is impossible in ordinary 
| practice. Every precaution is taken after the parts are screwed together to close every opening or cavity 
thy with wedge shaped pieces of iron before the weld goes into the fire. 


In the making of sternframes from ingot steel of welding quality, the Author states that glut 
welding ouly is allowed, and that iron gluts should be used for the purpose of welding the parts together. 
If this is correct (which I doubt), then why make sternframes from ingot steel with iron gluts ? It 
would be neither better nor stronger than a sternframe made from scrap iron. From my experience I am 
certain that a vee weld can be made with ingot steel of welding quality, just as safe and satisfactory as 
that made with scrap steel forged sternframes. 

Over twenty years ago I was welding, by means of a common scarph, rudder arms made from ingot 
steel of 28 to 32 tons tensile strength, and surely some progress has been made since then. 

In the Clyde district the glut pieces for an ingot steel sternframe are made from the same material, 
or from scrap steel and not iron. 

Wh) As will be noted, I strongly favour the vee weld, but at the same time I do not mean to suggest that 
Hh the glut weld is bad. _ It is a good weld in its way, but I think the vee weld is better. 
IH Many years ago I saw a test piece of a vee weld (full size) about 11 inches wide by 6 inches thick, 
after it had been tested. The vee weld in this instance was made in the usual way, vee scarphed, serewed 
together inthe fire and welded under the steam hammer, and finished to the dimensions given above. The 
bar was then cub through about 2 feet 6 inches from each side of the weld, leaving a bar about 5 feet 
long with the weld in the centre. As there were no means available for bending or testing such a large 
section in its cold state, the bar was heated at its centre to a ved heat, and bent double under a steam 
hammer until the two inner surfaces were in contact. The only disturbance visible in the metal was 
a tear in the surface fibres on the outside edge about 14 inches long. 

I should be very interested to learn whether a glut weld has been tested in a similar way, and what 
was the result. 

All through these remarks I have been using the terms “ glut weld” and “ vee weld” in the sense 
employed by the Author, to avoid confusion. In my time, while at that class of work, the term used for 
what the Author calls a “glut weld” was a vee weld ; the piece of iron to fill up the cavity forming the 
vee was called the vee piece or glut. 

When the section got larger, say over 4 or 5 inches thick, the double vee was introduced, and what 
the Author calls a “ vee weld” was called the “ he and she” or “ male and female.” ; 

With these few remarks I thank Mr. Robertson for his paper, and the Staff Association for the 
opportunity of discussing this interesting subject. 


Mr. A. FLETCHER. 


I have to thank Mr. Robertson for his paper, and any remarks made I trust will be received in the 
spirit in which they are given, namely, to advance and help forward the progress of the manufacture of 
forgings and to endeavour to help the forgemaster with the best we possess. 

After reading this paper carefully over, I find that it is mostly iron forgings to which he has drawn 
attention, 

He starts with the scrap heap, cleaning of scrap, piling of scrap, making of slabs, and finally the 
manufacture of iron forgings. Now is this not rather old-fashioned ? 

In the year 1876, when I entered the forge as an apprentice this was the practice, and | could have 
wished he had told us more about the manufacture of steel forgings from good sound ingots or blooms. 

in the Clyde district 90 per cent. of forgings are made of steel under hydraulic presses ranging from 
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100 tons to 12,000 tons, and it is computed that the firm of Messrs. Wm. Beardmore & Co., Lid., Glasgow; 
could produce all engine forgings required for the Mercantile Marine in the British Isles, They produce 
no iron forgings whatever. Other manufacturers also rely on the manufacture of steel forgings entirely. 

On page 17 Mr. Robertson touches on the hydraulic press, and one would have liked to hear more of 
this. There is a wide field open here for research as to the best methods of manufacturing steel forgings ; 
also annealing large forgings and treatment of same, strength of material, and how to improve large 
forgings by oil treatment, etc. And I venture to suggest that it is in the manufacture of steel forgings 
that the future efforts of the forgemaster lie. 

The same might be said of ship forgings ; ingot steel will hold the field against iron, being stronger, 
more uniform, more ductile, and better in every respect. 

On page No. 17 Mr. Robertson states that in the welding of ingot steel sternframes only glut 
welding is allowed. Tn this district the sternframes are welded together with the same material as they 
are made of, namely, iron or steel, and we see no reason to discard the one weld and keep the other. 
Further down he talks of building with coal slack over the top of the weld when in position in the smithy 
fire. The proper cover for the weld should be a firebrick cover which does away with all dirt, and when 
the forging is brought up to a welding heat, this cover is easily removed, and you get a clean heat for 
welding ; and this method is used by all the forges in this district. One firm who makes both iron and 
steel sternframes never use coal slack for welding, but a fire of brick built round the weld and filled with 
coke for heating same, and a splendid clean weld it makes. 

I trust the other forge inspectors will be given the opportunity of contributing a paper, and [ have 
not the slightest doubt that it would prove beneficial to all interested in the “Father of Trades,” 


Mr. J. PRINGLE. 


I take this opportunity of congratulating Mr. Robertson on his paper for the valuable information 
he is able to give us, and I concur in most of his remarks. 
Mr. Robertson has gone so thoroughly into the subject that he leaves me very little to express 
al opinion upon. 
Mr. D. D. Wintramson. 


{ am_ pleased to pay testimony to the very instructive paper read by Mr. Robertson on 
“ Forging Practice.” 

Mr. Robertson’s long experience has enabled him to go thoroughly into every detail, and while I am 
in agreement with practically all his remarks, I should like to emphasize one part, which I consider to be 
the secret of success in scrap forgings, i.e. the cleaning of scrap, and keeping iron to iron and steel to steel. 

This point in some instances does not receive the care and attention it deserves, and I trust that 
Mr. Kobertson’s remarks will be appreciated and acted on by manufacturers of all scrap forgings. 

In regard to Ingot Steel furgings, I am pleased to see that Mr. Robertson, when dealing with thrust 
shafts, recommends that they be made from Ingot Steel, as I consider that a thrust shaft is the most 
difficult of all shafts to be made sound from scrap iron. 

Mr. Robertson, in dealing with the steam for 20 cwt. hammer, gives 45 lbs. pressure, which in my 
opinion is rather low. I would suggest 55 to 60 lbs. pressure for 20 ewt. hammer, as small shafts require 
an active hammer as well as weight. 

I am in entire agreement with Mr. Robertson that the two different welds in sternframes, the 
“Glut” and “ Vee,” are both good, and if they are properly heated and perfectly fitted together, either 
method will give a satisfactory and sound weld. 


Mr. Joun Houston. 


Mr. Robertson goes into minute details of the forging practice as applied to iron forgings, and all his 
remarks are extremely interesting, as my own experience in this matter has been limited to small details. 

I was surprised to learn that iron shaft forgings were not annealed on completion, seeing that they 
are forged during a succession of heats, and it seems to me that it would be to their good to be so 
treated. I notice that Mr. Robertson is of the same opinion. 

As Mr. Robertson has had a life-long experience in the subject upon which he has written, and he 
has described the various operations in minute detail, his paper will be of considerable value to those of us 
who have had a somewhat limited experience in forging practice, and papers, such as the one under 
discusssion, are necessary if an Association such as ours is to be of a Mutual self- Help character. 


i 
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MEBTING or tHe STAFF ASSOCIATION oF LLOYD’S REGISTER HELD IN THE SocretTy’s 
Orrics at NEWCASTLE-on-TYNE FOR THE PURPOSE OF DISCUSSING THE PAPER ON 
“FORGING PRACTICE” sy Mr. M. RopEerTson. 


Mr. R. LANGLANDS IN THE CHAIR. 


The paper was discussed at considerable length and Mr. CAMPBELL, our Forge Inspector, gave us the 
benefit of his experience in local practice. 

Mr. CAMPBELL said—* I have read the paper by onr colleague Mr. Robertson on “ Forging Practice ” 
with great interest. Even Doctors are at liberty to disagree, and while I agree in the main with 
Mr. Robertson’s paper, there are some points on which I do not agree. Mr. Robertson has left no stone 
unturned and gives minutest details of the practice of forging.” 

Mr. Camppent also drew attention to the important part which the proportionate weight of the 
hammer to the forging played in the production of sound forgings. 

He agreed that the double shingling of blooms was one of the main factors in obtaining the high-class 
forgings made for the Admiralty—that being stipulated in Admiralty specifications. While he agreed 
that tall chimneys for furnaces were a necessary adjunct to favourable conditions of heating, he considered 
that the question of uniform heating depended more upon the quality of the fuel used. 


Other points raised by Members were— 


Mr. SyEppon—What explanation could be given for cavities being found in the centre of forgings, 
and could this be attributed to a too heavy application of the steam hammer tending to displace the 
material in the centre of the forging ? 

Mr. ANNeaAR—Asked if the reason for defective collar ends on shafting was insufficient working of 
the material, and raised the point as to how a Surveyor could tell if a forging was made of scrap iron, 
scrap steel or mixed scrap. 

Mr. Brown—Raised the question whether scrap could be so selected as to ensure that steel and iron 
were in no cases mixed, and enquired whether mixed scrap was objectionable for good forgings. He also 
instanced the case of bulb angle beam knees being welded with best iron gluts and questioned 
Mr. Robertson’s opinion that iron and steel could not be efficiently welded together. 

Mr. Austin—Remarked upon cavities which are sometimes found in ingot steel shafts and questioned 
whether these were always due to gas. 

Mr. Manro—Quoted the late Mr. Craig as having stated that it was impossible for serap iron and 
scrap steel to become mixed in the Forge inadvertently. 

Mr. Macponanp—Asked whether, in the event of a rudder head being found defective, it would be 
necessary for the whole rudder head to be cut off. 

Mn. Tivrman—Asked whether a rudder which had been in use for say 20-25 years could be 
efliciently repaired by welding on a new part in view of possible fatigue, and in the event of a stock being 
twisted, whether it could be untwisted without seriously damaging the material. 

Mr. LANGuANDS—Asked whether in using up old stem hars and stern frames for new forgings, the 
closing up of rivet holes could be effectively attained in the process. 

He also wished to know whetber, in practice, any electric welding was done on new forgings in cases 
where defects were detected at the forge. 


REPLY BY THE AUTHOR. 


I am much indebted to Mr. Milton for the kindly interest he has taken from the beginning in my 
paper, which, as_he says, is largely confined to iron forgings, as I found it would entail far too long a 
paper if I extended it to include the related branch of steel forgings. 

I may say in reference to Mr. Fowling’s query regarding the use of the glut form of welding for 
steel sternframes, that it is possible to obtain satisfactory results if special precautions are taken in the 
heating arrangements. The use of special quality iron for making such welds was decided upon many 
years ago by the Admiralty after an exhaustive series of tests, and so far as I know, this decision still 
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holds the field. The objection to the heating of the sternframe and the glut piece in open fires lies in 
the fact that by such a method it is very difficult to ensure that each piece is at the correct temperature, 
and for this reason it is preferable to use glut pieces of iron. 

The instance given by Mr. Dimmock of finding a section of steel rail in an old iron stay emphasizes 
my remarks on the necessity for care in selecting scrap. 

I agree in the main with Mr. Heck’s remarks regarding the necessity of annealing ingot steel shafts, 
and I am quite willing to be enticed back to the annealing furnace, as I believe that with proper 
amealing a lower grade of ingot steel can be improved, just as easily as with improper annealing a good 
quality of steel can be spoilt. 

In stating that in my opinion scrap iron shafts made in a succession of heats had more need to be 
annealed than ingot steel shafts finished in one heat, [ had in mind short forgings such as ingot steel 
crank ends, webs, etc., and not long shafts. In the latter case two heats are usually given, as this method 
is found to be more economical, and at the same time, a better forging is produced. 

In any case ingot steel shafts are usually finished at a much higher temperature than they would 
be heated to in the annealing furnace, assuming they had been put in cold. 

Mr. Heck has correctly summed up what is required if annealing is to prove beneficial, and 1, too, 
am of the opinion that proper instruments should be provided for ascertaining the annealing temperature. 

So far as engine shafting is concerned I agree that scrap steel should be banned, and relegated to 
the heap for smelting purposes. 

With regard to Mr. Ormiston’s question respecting the use of scrap piles not more than 2} ewts. 
weight, I would say that there are several reasons for this. To make a single pile heavier than 25 cwts. 
only increases the risk and danger of faulty material getting in, and more care is needed in heating ; also 
there would be involved the welding together of more surface, and, lastly, as the manipulation of the 
welding of the hot mass of iron whilst under the steam hammer has to be done by the Forgeman with 
the aid only of a long pair of tongs or a small hand stand, it can easily be seen that each additional 

und weight is adding only to the labours of the Forgeman, besides increasing the risks of imperfect 
welding of the many small pieces of scrap iron which go to make up the pile, for unless this is done 
quickly and smartly whilst the iron is “ welding hot” the slab is bad and no amount of reheating will 
make it sound, 

Regarding the fillet at the lower part of the coupling flange of the rudder mainpiece, I agree with 
Mr. Ormiston that a good substantial fillet should be provided. Mr. Ormiston asks if 1 have come across 
any cases of trouble having happened where no fillet has been fitted. Yes, 1 saw one some years ago 
which had broken close up at neck of flange (a very small fillet having been made) while the shipyard 
men were fitting the rudder plate on. 

Mr. Carnaghan refers to my use of the expression “ higher temperature” being needed in heating 
scrap steel for the making of forgings, than if made from scrap iron, and asks whether the temperature 
is relative to the melting point of these metals. I answer “ No,” but it is simply due to the fact, as 
stated in my paper, that scrap steel being lacking in silicate, a higher temperature must be employed so 
as to ensure the surfaces to be welded together, being perfectly clean. 

Of ‘course, a “ higher temperature,” in the sense I use it, does not necessarily mean a temperature 
anything near the melting point of that material, and whilst it would be quite safe to attempt. the 
welding of scrap iron at the temperature he gives, or even lower, it would be highly dangerous, if not 
ee to attempt to weld scrap steel at that figure for the reason I give, the surfaces would not be 
clean. 

He asks me if all the grades of “New Bar Iron” mentioned are suitable for “ Important Forgings.” 
T answer “ Yes” (but not new scrap bars). They are all quite reliable, and might be defined as good, 
better, and best, and if used and treated in the manner I suggest will give entire satisfaction. 

Then as to the query re thicknesses of pieces to go between porter bar and slab or between slab and 
slab for efficient heating whilst in the furnace, and which I set down should be 2 inches square. This 
recommendation of mine he evidently sees some difficulty in having carried out for two reasons, viz. :-— 
this being determined by the scrap heap, and the opening in the furnace (i.e., doorway). There need be 
no difficulty about the first, as they can easily be got from small pieces of iron flattened out to required 
thickness, and for the second I refer to my recommendations for furnaces, page 14, last paragraph. 

I quite agree with him in his observations as to faulty heating being the probable cause of the 
formation of a cavity in a forging. Iam also in agreement with him in the advisability of cutting and 


16 


boring out as much as is possible in forgings, such as mentioned, in which there is a greater element of 
risk than is in a plainer forging, such as a line shaft. 

I thank him for his comments on the glut method of welding sternframe. 

Mr. Johnson’s first question is rather a shrewd one, but in my opinion there is little possibility of 
a doubtful bar passing muster after hammer treatment, and any defects that were retained would be 
disclosed in the machining. 

A finished forging will always carry the distinctive features of the scrap material from which it has 
been made, but greatly improved in quality, due to the heating and hammering, 

It was impossible to describe all the welds used in forging work without making the paper unduly 
lengthy. 

fs T think Mr. Watt will agree with me that there is some little ground for doubt in welding together 
large sections of steel of a quality which will give 30 to 35 per cent, elongation on a test piece. I note 
Mr. Watt expresses a preference for the vee or screwed up weld, but do not quarrel with this since he 
makes the same proviso as I do that it be “ properly made.” In Mr. Campbell we have a critic whose 
opinion is worth having, and I have reason to congratulate myself that there are so many points on 
which we find ourselves in agreement, while I refer briefly to one or two points on which we don’t see 
oe to eye. The methods of shaping the scarphs for the laying on of the iron slabs is quite suitable for 
shafting of small diameter, but is absolutely useless for shafting of large diameter in which double 
laying on is needed. The sketch showing the method of securing together the various parts of the 
sternframe prior to welding, was prepared merely with a view to clearly illustrating how a sternframe 
was assembled. 

In reply to Mr. Fletcher, I may say my paper was devoted to scrap iron forgings with a view to 
showing my colleagues the general method by which scrap forgings are made, With regard to the best 
filling material to be used in glut welds I would refer him to my reply to Mr. Fowling. My preference 
for smithy fires of coke with an outside covering of coal slack, is based on the experience that this 
method of building fires is eminently suitable, and in the case of glut welds is the only type of fire in 
which there is put beyond question the possibility of keeping the underside of the material at a lower 
temperature than at the place where the glut piece is to go in and this, in my opinion, is the surest 
foundation on which to base the expectation of getting a perfectly reliable weld in ingot steel. Mr. Dale 
has confined himself entirely to the question of the respective merits of the vee and glut welds, on which 
we must be content to differ. Ido not agree with Mr. Dale regarding the desirability of closing all the 
openings between the pieces to be welded with wedge-shaped iron before they go into the fire, as this 
seems to me to defeat the object of the usual practice of having the parts to be welded together kept 
apart during heating, in order to ensure regular heating, and to form a clear run out for any slag or 
cinder. I might add that in all my experience I have never heard of a case of a failure of a sternframe 
which had been welded by the glut method, a statement which I regret to say I cannot make about the 
vee or screwed up method. I am pleased to see that Mr. Williamson thinks that the steam supply for 
hammers should be increased above the figures I have given, and I am not sure but that he is right, as it 
would tend towards the production of sounder scrap iron forgings. 

I have much enjoyed reading over the report of the meeting of the Newcastle Staff, and would 
have wished that I had been present to deal with the questions raised. The point raised by Mr, Sneddon 
regarding cavities being found in the centre of forgings is dealt with on page 10 of my paper. To 
Mr. Annear’s question [ would reply that the only way to tell the material from which a forging has 
been made is by the examination of a piece cut from it. There should not be any difficulty in keeping 
scrap iron and steel separate, and attention to this point will be well repaid, since in no case should 
a mixture of these materials be employed. Generally, I should say that a twisted rudder head should 
be replaced by a new one, and in any case it would not be advisable to attempt to untwist it, 

n conclusion, I would express my hearty thanks to all my colleagues, particularly those of the 
« Forging Brigade,” who have taken part in this discussion. 
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RECENT DEVELOPMENTS 


IN THE 


DESIGN OF OIL SHIPS. 


At no period in history has such progress been made in mechanical invention as during the past five 
years, and this progress can easily be traced to the ever increasing use of oil, either directly, as in the 
internal combustion engine, or as a substitute for coal in the production of steam. 

The great strides made in the range and efficiency of aircraft, submarine craft, and fast surface 
craft are directly to be attributed to this cause, whilst the large number of motor vehicles to be seen ‘in 
the streets of any large town bear witness to the vast changes which are taking place. 

In the mercantile marine, oil is fast displacing coal as the fuel on which the propulsive power of the 
ship depends, either by the substitution of oil engines for steam engines, or by the use of oil in the boiler 
furnaces instead of coal. Shipowners are ayranging, wherever possible to have boilers fitted for burning 
oil instead of coal, and, even in those cases in which it has been decided to burn coal, arrangements are 
very often made whereby oil could be burned in the furnaces with very little alteration to the construction 
of the latter. 

The economy effected by the use of oil fuel, due to the saving in deadweight, the reduction of the 
stokehold staff, and the much greater control exercised in raising and regulating steam pressure together 
with the accompanying cleanliness, have become recognised by everyone interested in shipping. 

Large storage tanks are being erected at many of the principal ports all over the world, and it is 
possible that, in a few years time, oil will be as easily procurable at coal. 

It has been generally assumed that the supply of oil is practically unlimited and that, if sufficient 
transport facilities were provided, the use of oil could be indefinitely extended, but eminent authorities 
on the subject are far from being satisfied that such is the case and appear to consider the present sources 
of supply quite inadequate and unlikely to yield a continuous supply for any prolonged period. 

In this connexion experiments in oil boring that are being conducted in England at present, are 
being watched by everyone interested in this subject, and it is hoped that the efforts will be attended by 
considerable success. 

At present, however, great attention is being directed to the marine transportation of oil in bulk, 
many suggestions having been put forward with a view to improving existing methods, and it is thought 
that an account of some of the arrangements proposed could not fail to be of interest to the members 
of this Association. 

Oil tank vessels are being built at the present time in several countries in addition to America and 
Great Britian—notably Sweden, Spain, Holland and Italy, and it would indeed be unfortunate if the 
British shipbuilders who gained experience in this class of vessel during the war, did not make an effort 
to specialise in oil ships instead of leaving their construction, as at present, confined to some three or four 
firms. 

Fully 27 years ago a paper on the possibilities of oil transport was read by the late Mr. Martell, 
whilst in 1912 Dr. Montgomerie made a notable contribution on the subject of the modern Tanker in an 
excellent paper entitled—* The Design and Construction of Oil Vessels” read before the Institution of 
Engineers and Shipbuilders in Scotland. 
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The descriptions and illustrations given in Dr. Montgomerie’s paper are in many respects applicable 
to the ships built at the present day but various improvements as the result of experience and with a view 
to simplification of design and construction have been effected, for example mention might be made of 
the difficulty experienced at that time in making a rigid connection between the bottom longitudinals and 
the transverse bulkheads which has been overcome by making the brackets slightly larger and flanging 
Hi all bottom, bilge, and 10 rivet brackets. The relative merits of plain brackets versus flanged brackets is 
a question on which there is a considerable diversity of opinion, and is one that might well repay 
thorough investigation by a Society such as this. 

In 1912 also the longitudinal system of construction had been in vogue only a few years, and 
consequently it was impossible to make any positive assertions regarding it, but since that time practically 
all the vessels built for the carriage of oil in bulk have been built on this system which now occupies a 
4) pre-eminent position. 


CARRIAGE OF Or As CarGco In DousLe Borroms anp DrEP TANKS. 


H 
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Bit During a shortage of tanker tonnage, the plan of utilizing the comparitively waste space in the 
Hit double bottoms for the carriage of oil was early suggested, and about six years ago the Committee of 

He Lloyd’s Register decided to agree to the proposal, provided the flash point of the oil was not lower than 

150° F., as determined by Abel’s close test. 

The oil usually carried is.a heavy oil from which all light and inflammable fractions have been 
distilled off, and it has been found that the ordinary watertight ballast tanks are quite suitable for this 
purpose. Indeed, during the war when the question of transport reached an acute stage, many ships in 
which it had never been intended to carry oil in the double bottoms, were used for that purpose with a 
considerable degree of success. 

Mi Care should be taken that the tanks are i oH filled, but at the same time there should be no 
undue pressure on the tank top to cause leakage which might result in damage to the cargo. 

In all vessels fitted for carrying oil fuel as cargo in the tanks, it has been arranged that none be 
carried in those compartments under the machinery space, although, in vessels fitted for burning oil fuel, 
this is frequently done and has proved quite a safe procedure where the necessary vigilance has been 
observed. In no case must tanks be used for carrying fuel oil and fresh water alternately. 

It is the practice to fit ceiling over the tank top of double bottom spaces containing oil, leaving an air 
space between the ceiling and the inner bottom, but this ceiling may be omitted where the thickness of 
the tank top plating is not less than °40 in., and the seams and butts are at least double riveted. 

it is strongly recommended that, whenever the cargo is of a nature liable to be damaged by oil, the 
owners should provide suitable dunnage. 

During the war, when timber was very scarce, the usual practice was, wherever possible, to load such 
cargoes as billets, pig iron, &c., over the tank top and on top of this to lay out separation cloths before 
loading the ordinary cargo. 

In insulated ships the tank top is usually covered with jin. bitumastic and the insulation simply 
fitted on top of this, as it is considered that oil leakage will not injure the insulation any more than 
leakage of ordinary water ballast. 

Deep tanks are now generally fitted to carry oil fuel as cargo, and in some cases the peak tanks are 
also utilised for this purpose, but this latter practice is not one to be recommended. 

The question of carrying petroleum in double bottom tanks has received a great deal of attention 
recently, but the Committee has consistently refused to countenance this proposal. It need hardly be 
Sage out that this is a highly dangerous proceeding owing to the pature of the properties of petroleum. 

t is well known that certain kinds of petroleum vaporize freely at ordinary temperatures and that this 
vapour is inflammable and, mixed with the proper amount of air, is also explosive. It is quite impossible 
to carry petroleum in ordinary double bottom tanks intended for water ballast only as the size and spacing 
of rivets is unsuitable for this purpose. Moreover, even with careful workmanship and with the closer 
spacing adopted for ordinary oil carrying vessels, it is found almost impossible to prevent a small amount 
of leakage through the joints, giving rise to a dangerous atmosphere. Thus it would be almost impossible 
to carry petroleum in the double bottom of a ship carrying ordinary cargo as this cargo would be very 
liable,to damage and the safety of the ship might easily be endangered. 
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Many fatal accidents have already occurred in which men employed in cleaning or carrying out 
repairs in oil tanks have been asphyxiated or poisoned by the fumes given off from the oil, and such 
a case occured recently in which the men concerned were working cargo in a hold which was situated 
over a double bottom tank in which oil was being carried. It will therefore be realised that great 
attention should be paid to the ventilation of all spaces in which oil is to be carried as well as in adjacent 
compartments. 


CARRIAGE OF Or. IN TANKS FITTED IN THE HOLD. 


The possibility of carrying oil in bulk in vertical tanks has long engaged the attention of Naval 
Architects, and as far back as 1886 a vessel named the * FeRGuUSONS” was fitted out for this purpose. 
Rectangular tanks, placed in groups, were fitted into the huli of the vessel, the back of the tanks fitting 
closely against the framing with a fore and aft central passage between them. The ‘“ Fercusons” 
however was lost some three years later, owing to an explosion of petroleum gas caused by unsuitable 
electric light fittings. 

It was then the custom in the case of vessels such as the above, to insert a footnote in the Register 
stating that ‘* Classification does not extend to petroleum fittings,” but this note was omitted many 

ears ago. 
4 A more modern method of fitting tanks in vessels was that adopted in the case of the * Escanona ” 
built in 1913 in which cylindrical tanks, placed horizontally, were used. For various reasons the arrange- 
ments proposed were not approved and the vessel was not classed with Lloyd’s Register. This system 
has little to recommend it and is unlikely to come into general use. 

The arrangement shewn in Fig. 1 is that usually adopted and is worthy of close attention. 

The oil is carried in a series of vertical cylindrical tanks, the diameters of which vary up to 50 feet. 
The tanks are fitted direct to the tank top and are strongly built into the structure of the vessel, an 
expansion trunk being fitted common to all the tanks. The double bottom spaces may or may not be in 
communication with the main tanks. 

At the centre of each tank a cruciform pillar is fitted in conjunction with a wash plate 5 feet deep 
situated just under the deck, this latter being supported at the ship’s side by a partial bulkhead about 
6 feet in width projecting into the drum. 

Directly above this wash plate another is fitted in the trunk so that the pillar, wash plates, and 
partial bulkuead form an effective transverse girder. 

The spaces between the tanks and the ship’s side may be used as summer tanks, but arrangements 
must be made by means of non-return valves, or otherwise, to ensure that it will not be possible to fill 
the summer tanks if the main tanks are empty. 

It is claimed for this system that it is much lighter and cheaper than building an ordinary tanker, 
is easily and quickly erected, and that a vessel so fitted can be easily converted into an ordinary cargo 
vessel should the demand for oil tonnage fall off. 

Vessels fitted with this arrangement of tanks always have a special notation in the Register Book : 
“ Fitted with cylindrical tanks for carrying petroleum,” 

As illustrating the necessity of fitting the non-return valve previously referred to, it might be 
mentioned that in one case when the tanks were being tested, the non-return valve was accidentally 
closed, as a result of which the level of the water outside the tank rose above that inside. The excess 
pressure on the outside of the tank caused the plating to yield, the deflection being accompanied by a 
loud report. The water outside the tank was drained off and the tank was filled when the plating 
returned to its normal form without having suffered any apparent damage. 

The latest form of this type of tanker is illustrated in Fig. 2, from which it will be observed that 
the circular tank has been divided into four quadrants, which are attached to flat boundaries on each of 
their edges. To support the horizontal tension in the plating at its junction with the flat surfaces, there 
is fitted a system of deep stringers on which the plating overlaps, the riveted attachment being designed 
to be equivalent to the horizontal load on the circular plating. The object of the arrangements adopted 
in this type is to obviate the necessity of utilising the exterior spaces as summer tanks. 
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TUBULAR TANKER. 


Figure 8 shews another form of circular tanker generally referred to as the * Tubular Tanker.” 

The feature of this design is that the oil is carried in a cylinder, in this case 200 feet in length and 
34 feet in diameter, with buoyancy chambers or side tanks fitted on each side. The cylinder is divided 
into four compartments, each 50 feet long, and corresponding transverse divisions are fitted in the side 
tanks. ' 

The machinery is placed aft und an expansion trunk 154 ft. in breadth is fitted over the whole 
length of the tanks, being efficiently combined with the poop and forecastle. In view of the circular 
form of the tanks and the small breadth of the trunk, the middle line bulkhead has been dispensed with. 

The midship portion of the vessel for the length of the oil tanks is parallel to the keel, but, before 
and abaft the tanks, the vessel assumes the ordinary ship-shape form and is sheered up towards the ends. 

The arrangements are such that when the vessel is to be loaded with heavy oil, for which she is 
specially designed, there will be sufficient capacity in the cylindrical tanks, but, if she is carrying light 

il, the side tanks will also he utilised. ' - 
_ It will be readily seen that different conditions obtain in this case from that of the circular tanker 
previously referred to in which the stresses on the plating are the same circumferentially at any given 


depth, whereas in the present case the pressure on the circumference varies with the depth and thus 
creates a non-uniform stress. 


LEPARMENTIER DESIGN. 


This vessel, which is of French design, is, as will be seen from Fig. 19, of a very unusual type, the 
hull being formed of twin cylinders. 

These cylinders are 33 feet in diameter and are connected together by floor plates, bottom shell 
plating and continuous horizontal tie plates supported by brackets. The cylinders maintain their 
midship diameter until near the ends of the vessel, where they are reduced in diameter to conform to the 
general outline of the hull. A passage way is provided under the deck between the cylinders to enable 
the crew to pass from one end of the vessel to the other in safety. ’ 

Expansion trunks are arranged over each cylinder and a continuous erection, terminating in the poop 
and forecastle, is arranged on the deck. 

About 14,000 tons of oil are to be carried in the circular hulls which are subdivided by means of 
transverse bulkheads into holds about 29 feet in length. The lower portion of the space between these 
hulls may be utilised for water ballast. 

The advantages claimed for this type are simplicity of construction and economy of material on 
account of the circular form adopted. 


VESSELS witH Two LoN@ITUDINAL BULKHEADS. 


A type of construction which has many points to recommend it is that shewn in Fig. 4,where, instead 
of the usual expansion trunk at the centre of the vessel and middle line bulkhead extending from the 
keel to.the top of this trunk, two continuous longitudinal bulkheads are fitted the full depth of the vessel 
throughout the length of the oil space and the expansion trunk is dispensed with. 

_ The oil space is therefore divided transversely into three longitudinal compartments, and the oil is 
carried at such a level as will permit of free expansion under a rise of temperature. i 
_ As the breadth of each compartment is about the same as that of the ordinary expansion trunk, it 
will be seen that this latter is unnecessary, and, for the same reason, the transverse bulkheads can | 
laced further apart than in an ordinary tanker of similar dimensions without making the volume of oil 
in any compartment greater than that contained in a tank of the form contemplated by the Rules of 
Lloyd’s Register. 

It will be noted that the vessel is of very strong design and would appear to be of much simpler 
construction than the usual tanker, affording greater facilities for the use of templates and multiple 
munching. mM 
> Another great advantage in the type lies in the arrangement for ballasting. When travelling light 
the centre compartment can be filled throughout instead of, as at present, filling alternate tanks, thus 

materially reducing the stresses to which oil ships are liable when in light trim. 
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Fig. 5 shows a variation of this design with the continuous longitudinal yertical oiltight bulkheads 
fitted about 18 ft. from the centre line on either side of the centre line, thus dividing the vessel into 
three, one large central and two smaller wing compartments. fp 

The expansion trunk is fitted to the central tanks only, and no special provision for expansion is 
made for the wing tanks. The length of the middle tanks is about 29 feet, but in the wing tanks the 
length varies from 40 to 60 feet, and this is not unreasonable in view of these tanks being so narrow and 

aving broad transverses extending the full depth of the ship connected by deep plates at their upper 
and lower ends which form wash plates. 

This vessel, specially designed for a particular kind of oil, is of strong construction, and also lends 
itself to efficient ballasting in light trim. 


VESSEL DESIGNED To CARRY EITHER OIL OR ORDINARY CARGO. 


The vessel shewn in Fig. 9 is one which has been so designed that it is suitable for carrying either 
oil in bulk or general cargo, or alternatively oil home and cargo outwards. 

In order to fulfil these requirements, the bottom of the vessel is arranged with longitudinal frames 
of plates and angles the full depth of the transverses. 

The ceiling was originally proposed of steel strips fitted athwartships and supported at every 
longitudinal, but it was considered that certain cargoes such as those containing acids might be 
liable to fall between the strips and have a detrimental effect on the bottom plating owing to corrosion, 
and this type of ceiling was not permitted. 

Instead of this, close wood ceiling was required on the floors and sparring battens on the ship’s side, 
these being removed when carrying oil. 

In a ship of this type the bottom of the vessel is immensely strong, and, on account of this, a 
further reduction in the thickness of the bottom plating was permitted. 

When general cargo is carried after an oil cargo has been discharged, it is necessary to clean out the 
tanks by steaming them, but, even where the greatest care is exercised, it is difficult to entirely get rid of 
the ol. In the circumstances there is a possibility of many kinds of cargo being damaged by the 
odour of the vapourising oil, although, of course, cargoes such as steel rails, etc., could be carried with 
perfect safety. 

The system of carrying oil home and cargo outwards was in vogue in the early days of bulk oil 
transport, but was not found satisfactory and was abandoned. : 

It will be observed that a pipe tunnel is fitted at the middle line, a method of housing the oil pipes 

which has been much advertised during the past year. 
" “Very little trouble is experienced with the ordinary oil piping, and it would seem that any sligh 
advantage their might be in having access to the piping at all times is more than lost in the sacrifice 0 
capacity. So far only one oil vessel has been so fitted, and it is not probable that the method will ever 
come into general use. 


Hoge-Carrk BuLKHEAD IN OIL VESSELS. 


The arrangement shewn in Fig. 3 is that of the usual type of tanker except that the middle line 
bulkhead is constructed on what is known as the ‘ Hogg-Carr” system. 

* "The webs on the middle line bulkhead have the same spacing as the ordinary side transverses, but, 
instead of the usual longitudinal stiffeners being fitted, the bulkhead plating is corrugated. 

It is not known whether this system has ever actually been adopted in an oil tanker, but many cargo 
vessels have been built on this principle with satisfactory results. Being much lighter than the ordinary 
system, it is also easier to construct as there are fewer pieces to handle, with a consequent saying o 
riveting. 


SmiTH-CAMERON BULKHEAD IN Ou VESSELS. 


Fig. 10 shews a proposal to construct all the oil tank bulkheads in the vessel, both middle line and 
transverse, on what is known as the “Smith-Cameron” corrugated system. In this system the plating 
of the bulkhead is constructed in the form of complete semi-circular arcs so arranged that only convex 
surfaces are presented on one side of the bulkhead and only concave surfaces on the other. 
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Several points in connexion with this system of construction are worthy of special consideration. 
There is a considerable reduction in weight as compared with the ordinary system, stated to be in 
the case of a 10,000 ton tanker, about 200 tons, thus reducing the cost and increasing the deadweight. 
| The number of parts to be worked is small compared with an “ Isherwood” tanker, and, owing to 
i) the form of the corrugations, the seams of the buikhead only require to be single riveted. 
Wh One of the great sources of weakness in ordinary oilship construction is in the butting of all the 
Wilt bottom and deck longitudinals in the same transverse plane, and also, especially in the larger tankers, in 
ii the three rows of closely spaced rivets attaching the transverses to the shell in the same plane. 
Wt ' This system overcomes the first difficulty by arranging the spaciug of the longitudinals and the 


i corrugations as shewn, i.¢., by staggering the alternate butts, a very important improvement on the usual 
iit method ; the second difficulty is overcome by spreading the shell attachment over a wider area of the 
Wh 

i bottom. 


One great drawback to this system, however, is the fact that the value of the middle line bulkhead 
as a member of the structure contributing towards the longitudinal strength of the vessel is practically 


. 

lost. 

mat It has been proposed to extend this system to the ship’s side also and a barge for harbour service 

has been so constructed. The adoption of this arrangement would of course mean a still greater saving 

in the weight of steel and cost of building, but the objections to this proposal in the case of sea-going 

vessels are very obvious. 
This form of bulkhead has been fitted in several converted vessels with very satisfactory results, and 

Mi plans have been approved for a number of tankers now building. 


i Ou VESSELS ON THE GREAT LAKES. 


Fig. 14 shews a type of oil vessel which is very common on the Great Lakes of America. This 
type of vessel differs from the ordinary sea-going oiler in so far that it has to be designed to work 
in shallow water, and consequently, like nearly all ‘“ Lake” vessels ; the proportions of length to depth 
are much higher than in an ordinary vessel. 

It has been found in practice that, owing to the frequent grounding of the vessels with consequent 
damage to the bottom, the ordinary type of construction is unsuitable owing to the contamination of 
the oil when the bottom was damaged. 

This difficulty is overcome by fitting a double bottom, the oil being contained by the inner bottom 
plating. This method has been very successful, although of course it means a considerable loss in 
capacity. Instead of fitting the usual expansion trunk, it is usual to fit a small expansion trunk to each 
tank as was the custom in early oil vessels. 

The class of these vessels is of course confined to ** Service on the Great Lakes.” 


Monitor VESSEL. 


Fig. 6 shews the well known * Monitor” design of vessel adapted to a vessel carrying oil in bulk. 

The distinguishing feature of this type is that the side shell plating is corrugated fore and aft for a 
distance of about 2 L, and, in view of the stiffness thus obtained in the shell, the web frames are spaced 
6 ft. 6 ins. apart. 

Several cargo vessels of this type have been built, but this is the first occasion on which it has been 
proposed to adopt this construction for a bulk oil carrier. 

This type does not appear to have any advantages over the vessels built on the longitudinal system. 


Om SroraGe VESSEL. 


Fig. 17 shews a non-propelled floating oil storage vessel of ordinary ship-shape form which is 
intended to be used for harbour service in the Mediterranean. 

The weather-deck is shaped turtle-back and a second deck, with inverted camber, is fitted about 
10 ft. below. 


— 
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The oil space in the hold extends the full length of the vessel between the peak ‘bulkheads and is 
divided into five compartments about 60 ft. long, and in addition oil is carried in the three midship 
*bween deck compartments. 

No centre line bulkhead is fitted in the holds or ‘tween decks nor any erections on deck. Also the 
vessel has no sheer. 

The vessel is worked on the compensated tank principle, ie., each tank is fitted with a sea valve 
which is always kept open so that sea water has free access to the compartments and takes the place of 
the oil as this latter is gradually used, thus ensuring that the vessel will always float at approximately 
the same draught of 26 ft. 

When the tanks are to be filled with oil, this is pumped on board from a tender or by pumps on the 
parent craft, the water being displaced by the oil and passing out through the sea valves. There is, due 
to the difference in level between the liquid inside and outside the vessel, an excess of pressure on the 
deck which must be provided against by an increase in the scantlings of the beams. 

Tt will thus be observed that the tanks are always full, though of course this principle can only be 
applied to liquids with specific gravity less than 1. 

In consequence of the uniform distribution of the oil cargo there is practically no bending moment 
and the structural stresses are small. Also, as the water pressure outside the hull is neutralized by the 
liquid pressure inside, the local stresses are much less than in an ordinary sea-going ship. 

As a result of this, a very considerable reduction in scantlings is permissible and such was allowed 
in the present instance. 

This advantage can only be realised if the vessel lies in still water, in which case the longitudinal 
bending moment is very small. Should it be proposed to employ the vessel in seagoing service, the 
conditions are entirely different and no modification in the scantlings could be permitted. 

In designing such a vessel care must be taken to see that sufficient reserve buoyancy is provided. 


CARRIAGE OF Heavy OIL. 


As the demand for oil during the war became very urgent, ib was decided to convert a number of 
ships to carry oil, the most suitable for this purpose being the Type “ A” single deck Standard vessels, 
with poop, bridge and forecastle. 

Fig. 7 shews the midsbip section of one of these vessels which has been specially adapted to carry 
oil in bulk. The principal alterations involved are the fitting of a middle line bulkhead, plating over 
the tops of the cargo hatchways, fitting additional transverse bulkheads, webs and side stringers, and 
strengthening existing bulkheads. 

As the vessels were intended only for high flash point oil, the cofferdams, usually fitted at the ends 
of the oil spaces, were dispensed with. 

The centre line bulkhead was only required to be practically tight but was not tested, and the 
double bottom tanks in way of the oi! spaces were in communication with the hold tanks. 

As the vessels were constructed on the transverse system, with machinery amidships, considerable 
attention was directed towards providing sufficient strength at the ends of the bridge and at the ends of 
the oil tanks. 

As the demand for oil became more insistent and as cargo ships suitable for conversion for this 
purpose were difficult to obtain, it was decided to construct a large fleet of steamers specially suitable for 
carrying high flash point oil. 

To determine the design of those vessels a conference was held at which the various interests were 
represented, and it was decided that the type shewn in Fig. 22 was the most suitable for the intended 
trade. 

It must be borne in mind, however, that the vessels were only to be used as oil carriers during the 
war, and were to be converted into ordinary cargo carriers on the cessation of hostilities. 

As will be seen, the vessels are of the trank deck type and the machinery is situated amidships, a 
position now almost unknown in regular tankers. The centre line bulkhead is constructed as in an 
ordinary tanker, but was neither caulked nor tested. 
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The side transverses are of the usual scantlings for cargo vessels and are supported by strong 
horizontal beams at the middle of their length, the design being such that, when the vessels are desired 
for carrying ordinary cargo, the beams and middle bulkheads in way of the hatchways can be cut out 
leaving the arrangements as in an ordinary grain carrier. 

As in the type “A” Standard ships already referred to, the length of the tanks is considerably 
greater than that contemplated by the Rules, and no cofferdams are fitted. 

The proposal to convert these vessels into cargo carriers after the war did not materialize, and 
none of the vessels has been so altered. 

Instead they were, at considerable time and expense, converted into regular peepeem carriers, and, 
in order to load the vessel with light oil, additional tanks had to be fitted at the ends of the vessel ; 
cofferdams aud pump rooms had to be added and many other alterations carried out. Altogether it 
would have been much better to have built regular tankers as it would have been very difficult to convert 
the vessels as built into satisfactory cargo carriers. 


Fieet OILERS. 


A type of vessel which increased greatly in numbers during the war is that known as the “ Fleet 
Oiler,” this type being specially adapted for ‘oiling at sea” the vessels of the Royal Navy of this and 
WNT other countries. 

i Fig. 12 shews a section of one of these vessels, from which it will be seen that it differs in some 

| respects from the usual type of oil tanker. The vessel is of much finer form than usual on account of 
HAA the higher speed necessary when it accompanies the fleet. 

Hi As the tanks are generally only partially filled with oil when the vessel is at sea, special attention 

must be given to stability to ensure safety under conditions which might arise. The stresses set up in 
Mi the structure due to the movement of the large volume of oil must also be carefully studied when fixing 
My the scantlings of the vessel. 
{ The tanks are only ‘about rds of the usual length, the end bulkheads strengthened, and a wash 
bulkhead fitted on each side of the centre bulkhead in line with the expansion trunk. ‘The scantlings of 
the topside plating and longitudinals are increased, the transverses on the ship’s side and middle line 
bulkhead increased in depth, and closer spaced riveting is adopted in the various paris of the structure. 

For various reasons these vessels were not employed on their designed service during the war, but 
served as ordinary tankers. 


RANSVERSELY FRAMED Ort SHIPs. 


The great success which has attended the oil ships built on the Isherwood system naturally turned 
the thoughts of designers in the direction of producing a transversely framed vessel which would compare 
with the longitudinal ship from the points of view of strength and weight, and much consideration has 
been devoted during the last twelve months to the solution of this problem. 

In oil ships framed in accordance with Lloyd’s Rules, the bottom and sides are supported by two sets 
of girders at right angles, namely, on the bottom the floors and keelsons and on the side the stringers and 
webs, and as the length of the tanks is approximately equal to the breadth and depth, each of these sets 
of girders may be considered as structurally effective. In the Isherwood ship, on the contrary, strong 
girders are fitted in the transverse direction only, the longitudinal girders being light bars which act 
merely as local stiffeners to the plating, and the same system was utilised in stiffening the bulkheads. 

It became apparent that the fitting of deep strong girders in one direction only in association with 
light local stiffeners in the other direction enabled considerable economies to be effected and advantage 
has been taken of this fact in the design of the transverse tankers at present under construction. 

Fig. 13 shews the midship section of one of the first of these vessels and illustrates clearly the 
general principles on which they are being built. 

The underlying idea in this design, with which Dr. Montgomerie is closely associated and which was 
developed by him as far back as 1912, is to take advantage of the very great transverse strength inherent 
in an oil ship on account of the large number and close spacing of the transverse bulkheads. 
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The web frames required by the Rules for vessels carrying petroleum in bulk are dispensed with and 
the transverse frames are supported by deep longitudinal girders on the bottom and at the side. On 
the bottom of the vessel three deep keelsons are fitted extending fore and aft throughout the oil tanks, 
the keelsons being cut at each transverse bulkhead and strongly bracketed thereto. 

The ordinary bottom floors are omitted and the transverse framing consists of bulb angle frames 
spaced 30 inches apart, these frames, being supported at each side stringer and bottom keelson. 

The whole design might be considered as Isherwood framing turned through 90 degrees. 

The stiffening of the longitudinal and tranverse bulkheads is arranged on a similar basis, with strong 
horizontal plate girders and bulb angle vertical stiffeners. 

It is claimed that the weight of steel in a vessel built on this system is very much less than that in 
an ordinary transverse tanker and is not much in excess of the weight in a corresponding Isherwood 
vessel. 

CONCRETE VESSELS. 

During the past year or two the possibility of concrete vessels superseding steel vessels for the 
carriage of oil in bulk has been much talked about and various designs with that end in view have been 
put forward, but so far without much success. 

The great loss in deadweight and capacity in the concrete compared with the steel vessel has told 
heavily against the former, although a number of tankers, some of large size, have been constructed 
principally in America. 

Fig. 20 shews a type of concrete oiler, of which a number have been built, and which has several 
notable features. 

The oil tanks consist of two horizontal cylindrical tanks overlapped at the middle line and joined at 
the top and bottom. 

The concrete, as will be seen, is very thick and is reinforced at both the inner and outer surfaces in 
such a manner that no other stiffening in the form of frames, &c. is required. 

The lower passage is used as an oil duct leading to the pump room and valves are placed in the lower 
portions of the cylinders to drain into the duct. These valves are operated from the centre passage but 
this is in many respects an objectionable method and the valves should in all cases be operated from 
the deck. The objection to this arrangement of pumping out the tanks is that, should different kinds of 
oil be carried in the various tanks, the passage would require to be cleaned out after each tank was 
emptied. 

The tanks are in communication with the upper centre passage which forms an air duct through 
which the air is drawn by a fan discharging over the stem. 

The tanks are built vertically in sections about 20 ft. long and ave then placed in position and 
cemented together, the reinforcing rods being of course overlapped for a suitable distance. 

Before oil could be carried in bulk in conerete ships, there were a number of points which required 
to be carefully considered, the principal being the effect on concrete of the penetration of the oil, the 
effect of oil on the maturing of the concrete, the effect on the strength of the concrete and on the 
deterioration of the concrete. Experiments were carried out by a number of authorities, notably by the 
Admiralty and the U.S. Fleet Corporation, and in general it may be stated that while oil will penetrate 
concrete structures built with ordinary care, it might be possible to build a structure excluding oil, but of 
a “richness” and with a care greater than to be expected in ordinary commercial work. The oil has very 
little effect in the maturing of the concrete and the strength of the concrete is not much affected. 
Mineral oils have no deleterious effects on concrete even if they penetrate it to a certain extent, although 
animal and vegetable oils may attack the concrete if they contain acids which will combine with the lime 
to form soluble compounds. 

In view of this, all concrete vessels for carrying oil in bulk are classed * For carrying mineral oil in 


bulk.” 


Or FurL BUNKERS. 


The question of carrying oil fuel in bunkers for the vessels own use is of course a different one from 
that of carrying oil in ordinary tanks, as in the former case the level of the oil is always changing and the 
free surface caused thereby sets up stresses in the bulkheads and ship’s side unknown in oil vessels where 
the level of the oil is practically unchanged during the voyage. 
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The fuel carried is a heavy oil with a flash point above 150° F. and cofferdams are consequently 
unnecessary but great care must be taken in designing the bunkers in order to ensure that the structure 
is strong enough. 

The full depth wing wash plates Da bs in oil fuel bunkers are a very objectionable feature in cases 
where the space may sometimes be used for carrying bar! and various proposals have been approved 
whereby the wing wash bulkheads have been dispensed with. 

The simplest of these is to increase the scantlings of the boundaries of the tank and of the 
middle line bulkhead beyond the usual practice to such an extent as will reduce the stress in the 
material by about 20 per cent. A better method is to provide sufficient oil fuel in the double bottom to 
more than cover the outward voyage of the vessel, the balance of oil required for the retarn journey 
being carried in the deep tank. The oil from the deep tank is not used during the voyage but is run into 
the double bottom in port so that the deep tank is either full or empty when the vessel is at sea. 

A very interesting method however, is that shewn in Fig. 18 where, as will be seen in the sketch, 
the oil fuel which is used is replaced by water which is obtained from a supply tank in the ’tween decks 
over the cil fuel tank, this tank being fed by a connector to the emergency pump. 

As the tank will thus always be full, the conditions are similar to those in an ordinary deep water 
ballast tank. 

The specific gravity should however be not higher than about *95 and care must be taken that undue 
pressure is not brought to bear on the tank. 


Or Furi or Low Frasu Port. 


Proposals have been made to utilise oil fuel having a flash point lower than 150° F. and in view of 
the risks attending the employment of such oil, special regulations have been drawn up regarding its use. 
Among the more important of these may be mentioned :— 

Spaces similar to cofferdams must be provided adjacent to all bunkers. 
The pumps must be enclosed in a separate room which can only be entered from the deck. 
Pipes passing through the stokehold spaces must, wherever possible, be made jointless. 


River BarGES FOR THE TRANSPORT OF OIL. 


With the great increase in the number of oil tankers, there arose the necessity of erecting storage 
tanks into which the oil could be discharged, as the ordinary wharves are of course quite useless for this 
purpose. As these storage tanks are often directly inaccessible to the sea-going vessel, shallow draft 
vessels must be utilised to carry the oil from the ship to the storage tanks, and hence barges are 
constructed in large numbers as oil carriers, especially for river use. 

These barges are of a variety of designs to meet the local conditions and bye-laws. 

Many difficulties are encountered in employing barges for this work and various methods are 
employed to overcome these, and, as the Port of London Authority has had probably more experience in 
these craft than any other similar Corporation, an account of the procedure adopted on the Thames will 
serve to illustrate the chief features in this class of vessel. 

* Jt is found that for service on the Thames it is best to carry the oil in bulk in large tanks fitted into 
the hull of the barge as it is difficult to keep the shell seams tight when the barges are subjected to the 
rough usage common on the river. 

The tanks are supported on wooden beds placed on the top of the floors and are so arranged that 
they can be lifted out of the barge when it is necessary to clean or repair either the tanks or hull of the 
barge, this arrangement being illustrated in Fig. 21. In some cases the tanks extend right to the bottom 
of the barge. The capacity of self-propelled barges must not exceed 500 tons, and that of dumb barges 
must not exceed 250 tons. All barges above 150 tons capacity must be made of steel or iron. 

All tanks must be of steel or iron and of a capacity not exceeding 150 tons for any one tank, those 
above 75 tons capacity being equally divided by a transverse spirit-tight bulkhead. Where a longitudinal 
bulkhead is fitted, this should be perforated near the bottom. 
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Sufficient space must be left between the shell or bulkheads of every barge and the sides of the tank 
to admit of examination of every part of the tank. Alternatively, any tank may be so constructed as to 
be removable from the barge for testing under water pressure, but in all cases, such space must be left as 
will reduce, as far as practicable, the risk of damage to any tank in the event of collision. The capacity 
of every barge between bulkheads with the tank or tanks in place must be such as to render it 
impossible, in case of leakage, for the escaping spirit to rise to a level higher than 12 ins. below the deck. 

In self-propelled barges, the machinery, which is of a restricted type, must be placed at the stern of 
the barge and entirely separated from the oil cargo by a cofferdam consisting of two transverse spirit-tight 
bulkheads spaced at least 2 ft. 6 ins. apart. 

These regulations might appear to be too stringent but a recent disaster on the river seems to show 
that such is not the case. 

All barges under the jurisdiction of the Port of London Authority must now be constructed under 
the supervision of the Surveyors to Lloyd’s Register and must be surveyed every twelve months and a 
certificate of efficiency obtained, a procedure which might well be followed by other local authorities, 

The use of barges for the carriage of oil has been largely developed in France and Germany, where 
very stringent regulations are enforced, particularly where the cargo consists of petrol or lighting oil. 
The oil is generally contained in separate tanks and no propelling machinery is allowed to be fitted on 
board. 

In France the common size of a barge is 160 ft. x 25 ft. x 10 ft., but in Germany, barges of a 
much larger size are not uncommon, the deadweight carried being sometimes as great as 1,500 tons. The 
latter, as is usual in German river barges, are of extreme proportions of length to depth, the dimensions 
of a 1,200 ton barge being 240 ft. x 30 ft. x 8°5 ft. The oil is carried in bulk and the general design of 
the barges is very similar to ordinary oil vessels, with continuous centre line bulkhead, this being an 
important structural member in vessels of the proportions usually adopted. 


Woop Sues. 


The adaptation of wood ships for the carriage of oil in bulk across the Atlantic was tried about 
40 years ago. 

The ceiling on the sides and bottom of the hold was sheathed with felt and wood lining, cement being 
sometimes used instead of felt, while the hold beams were close ceiled on the inner side to form the crown 
of the tanks. Several wood transverse bulkheads and a middle line bulkhead were fitted dividing the 
hold into compartments, and longitudinal wash bulkheads were fitted at the quarter breadth. In the 
*tween decks the oil was carried in iron tanks. 

The number of these vessels lost at sea however was so great that the system was gradually 
abandoned in favour of carrying the oil in barrels or cases, this latter method being retained until iron 
steamers were specially built for the bulk oil trade. 

At the present time the construction of wooden vessels for carrying oil in bulk is confined to smaller 
craft, such as barges, etc., which are towed about in harbours and rivers. Fig. 15 illustates one type of 
barge with a deadweight capacity of about 1,200 tons built of pitch pine and much in use in the 
Caribbean Sea. 

It will be observed that the timbers are close planked over on the inner side, thus forming the sides 
of the tanks so that any leakage from the tan\s or sea simply passes into the bilges and can be pumped out 
when considered necessary. ‘The oil space is divided by a longitudinal bulkhead and a series of transverse 
bulkheads as in the ordinary tanker, and small expansion trunks are fitted to each tank as shewn on the 
sketch. 

During the recent shortage of ships, the question of the suitability of employing wood vessels for the 
carriage of oil in bulk was often raised and the General Committee of Lloyd’s Register carefully considered 
the advisability of classing such vessels on several occasions. It was felt however that, on account 
of the possibility of grave danger arising through the carriage of an inflammable cargo in a hull saturated 
by the same, the risks attending such a vessel were so greatly increased that the project could not 
be approved. 

The severe stresses to which the structures are subjected would probably lead in time to the opening 
of the seams and butts of the planking with consequent serious leakage of oil. 
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Where a vessel is running in a calm waterway such dangers are greatly minimised, and it is 
understood that on the River Thames creosote is carried in wooden barges from some of the gas works to 
large sea-going oil tankers for export abroad. 


LENGTH OF TANKs. 


With the development of vessels for carrying oil in bulk, it is natural that the question as to the 
maximum length of tank consistent with safety, economy of upkeep, and first cost should have arisen from 
time to time, and on no point in the construction of oil vessels has such a diversity of opinion arisen. 

The maximum length of tanks permitted by Lloyd’s Rules is 28 ft., but in the great majority of the 
vessels built or building, the lengths of the tanks are less than this, so that it would seem to be a fair 
assumption that Owners either find the smaller tanks more suitable, or are afraid of the possibility of 
structural damage due to fitting longer tanks. 

In some special types of petroleum carriers, the Rule length has been considerably exceeded, but in 
the regular oil tankers in which increased length of tank has been adopted the increase has been very 
moderate. 

On the other hand it is noted that within recent years, the length of the tanks in vessels built for the 
carriage of heavy oil fuel has been much in excess of this—in some cases being 50 ft. in length, whilst in 
similar vessels for “ River Service” tanks 60 ft. in length are not uncommon. 

Generally the results of lengthening the tanks have been without prejudice to the strength of the 
vessels, and it would seem that Dr. Montgomerie was perhaps too positive in his assertion that this 
lengthening was bound to lead to trouble. 

It is now generally recognised that, in at least the larger sizes of oil vessels, the length of tanks 
permitted by the Rules is somewhat small, and where Owners desire to have longer tanks these might be 
approved provided the end bulkheads, etc., are suitably reinforced to withstand any additional stresses 
that might be brought to bear on them. 


In one vessel 600 ft. long now contemplated, permission has been granted to the proposal to have the 
tanks 42 ft. 6 ins. long, provided the end bulkheads, etc., are satisfactorily stiffened. 

The present tendency is to increase the length of the oil tanks with the length of the vessels and a 
Table might well be evolved on this basis. 

It is now generally believed that the scantlings of the bulkheads, &c., cannot be determined by oil 
pressure only, but must have some direct relation to the volume of the oil in the tank. 

Knowledge of the behaviour of fluid cargoes and the effect of the size of tank on the stresses of the 
structure of the ship is at present very meagre, but this question has been engaging the attention of the 
Committee of Lloyd’s Register, and experiments are being carried out at the National Experimental 
Tank at Teddington which may throw some light on the question of the length of tanks permissible 
in different classes of vessels. The results of model experiments such as these must of course be received 
with some reserve, but at the same time valuable information may be acquired in this manner, 


Lowkrin@ oF Fuasu Pornt or Furn On, 


Owing to the difficulty of obtaining a sufficient supply of fuel oil, without serious delay, of a flash 
point above 150° F., the question of lowering the standard, raised by the American Shipping Board, was 
considered by the Committee of Lloyd’s Register. 

This oil was to be carried both as cargo and as fuel for the boilers, 

It was first proposed that cargo vessels should, as a special war concession, be allowed to carry oil of 
of a flash point not less than 100° F., but this proposal was not approved. 

Exhaustive tests were then carried out in America to determine to what extent the flash point might 
safely be lowered and a Committee appointed to consider the question in that country, put forward a later 
proposal to carry oil fuel with a flash point not lower than than 130° F. closed test or 150° F. open test. 

This was discussed with representatives of H.M. Petroleum Executive who stated that they were 
strongly averse to any reduction of the present standard of 150° F. as the risk of accident increases very 
rapidly with the lowering of the flash point below this figure. 
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The executive were also much averse to this reduction of the flash point on the grounds that less of 
the lighter oils would be extracted and consequently the production of those lighter oils would be reduced, 
a procedure which was not at all desirable in view of the heavy demand for aeroplanes, motor craft 
and tanks. 

Another factor which had to be taken into account was the fact that the workmanship which then 
obtained, owing to the large amount of unskilled labour employed, was not as of high a standard as 
formerly. 

In addition the officers and men in the American ships might not be so experienced as in the British 
ships, owing to the rapid growth of the U.S. Mercantile Marine, and might not realise the necessary 
precautions that should be taken in the carriage of these cargoes. 

The question was still under discussion when the Armistice was concluded and, as the urgency of the 
question was thereby removed, the matter was allowed to lapse. 

It was generally felt, however, that the question could not be allowed to rest there and an expert 
Committee was appointed to consider whether a specification could be drawn up which will be acceptable 
both for naval and mercantile vessels, and which will give the maximum quantity of oil for marine use. 

All the various interests involved are represented on the Committee, the representative of Lloyd’s 
Register being Mr. Milton, and it will be extremely interesting to see if it is possible to reconcile all the 
conflicting opinions on the subject. 

From a consideration of the views of the authorities on this question, it would appear to be the 
the general view that the present figure of 150°F. is about the safe limit for the flash point of fuel oil, 
and this standard would appear likely to remain in force for some considerable time to come. 


TESTING OF OIL TANKS. 


The practice of building vessels specially designed to carry the different grades of oil has resulted in 
a more or less settled policy with regard to the testing in each case. 

The test head in an ordinary tanker is required by the Rules to be 8 ft. and this has been settled to 
mean this height above the top of the highest point of the expansion trunk and not above the top of 
the hatches. 

In vessels carrying heavy oil fuel with a flash point above 150° F. the tanks are tested to a height of 
about 2 ft. 6 ins. above the top of the expansion trunk, as it is considered that with the heavier fluid, thc 
stresses set up in the bulkheads, &c. are not so great as in an ordinary tanker. 

Where vessels are intended for river or harbour service, the tanks are tested to the top of the 
expansion tranks only. 

The middle line bulkhead in vessels carrying heavy oil does not now require to be oiltight, but only 
practically so and is not tested. In the seams, &c. only single riveting is necessary. 

In this connexion, a considerable amount of confusion arose in non oil-building ports throughout the 
country when it was necessary to effect repairs to the centre line bulkhead which had not been tested, 
and, in order to remove any misunderstanding in the matter, it was decided to record such vessels in the 
Register Book ‘ Middle line bulkhead not oiltight,” and up to the present, some sixty vessels have been 
so classed. 

During the recent shipping shortage when building berths were urgently required, permission was 
granted to test the tanks in heavy oil carriers afloat instead of on the stocks, or in dry dock. 

Another concession granted at this time was the testing of alternate oil tanks only, instead of every 
tank. In all cases however the end tanks were required to be tested. 

As far as can be ascertained the results of these concessions have proved to be quite satisfactory, and 
some such permanent arrangement would be a great boon to shipbuilders. 

An interesting method of testing tanks in some of the vessels built during the war, was that in 
which compressed air was used instead of water. Where the latter is used the pressure varies with the 
depth, but with air, of course, the pressure is equal in all parts of the tank, and so the pressure 
approved was half the mean water pressure. This system has much to recommend it, the chief 
objection being that the scantlings of the material of the bulkheads at the top are hardly sufficient to 
withstand the increased pressures. In many ports there is a difficulty of obtaining a sufficient supply of 
water, besides which it cannot be good for the vessel to remain on the stocks with tanks full of water 
sometimes for a considerable period. 
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This method of testing the tanks with compressed air is now quite common in small vessels—notably 
in the case of the barges in the River Thames. 


DIMeEnsIons or Or. Surps, 


It has been found in practice that vessels carrying 9,000-10,000 tons of oil are the most suitable 
from a commercial standpoint, and the vast majority of vessels now building are of this size. 
A considerable number of large tankers are, however, at present under construction, and one of no less 
than 25,000 tons is at present projected in America, 

The largest tanker approved by Lloyd’s Register so far is one of 20,000 tons, also to be built in 
America. Fig. 11 shows the midship section of this vessel, from which it will be seen that the vessel is of 
the shelter deck type, with arrangements to carry the oil in ten tanks, each 29 ft. 9 ins. in length and all 
extending to the shelter deck. 

The summer tanks have been designed to extend from the tank deck to the shelter deck, the upper 
deck in way of the oil tanks being omitted. Suitable structural compensation is provided by increasing 
the scantlings of the transverse members and the thickness of the shelter deck plating, and by doubling 
the sheer strake. 

The transverse frames, of which there are two in each tank, are spaced 9 ft. 11 ins. apart, and, together 
with the 18 ins. longitudinal on the bottom, form a very strong system in both the longitudinal and 
transverse directions. 

Attention has also been directed to the thickness of the bottom and shelter deck plating which, in 
this instance, has been increased to owner’s requirements. 

It is stated that the saving in weight in a vessel of this size, built on the longitudinal system as 
compared with a ship of similar dimensions built on the Rule transverse system, is about 1,000 tons, and 
it is probable that this figure is not far wrong. 


GENERAL. 


During recent years a complete change is observable in the manner in which the scantlings and 
arrangements of oil vessels have been.considered, and it may be safely asserted that the material is now 
disposed in the most sensible and scientific manner possible in each case, and that the old idea of adding 
a certain percentage of weight over the ordinary cargo carrier: has been discarded. 

All cases of reported failure are now thoroughly investigated and compared with previous similar 
reports before any additions or alterations are made in the practice of Lloyd’s Register. 

It must be confessed that in many cases there is attributed to structural weakness what is really due 
to some local cause, &c., and it is suggested that in all such cases surveyors should forward the fullest 
obtainable particulars in order that the case may be investigated and analysed. 

The Committee of Lloyd’s Register can claim no small share in the evolution of the modern bulk 
oil carrier with the result that they are regarded as the leading, indeed the only, classification authority 
so far as oil vessels are concerned, and this position is largely due to the careful but enlightened and 
progressive policy which has been pursued in this particular connexion during the past decade. 

[t might be pointed out that there is in prospect the greatest boom ever known in the construction 
of vessels for carrying oil in bulk, there being at present under construction, or on order, about 
180 vessels intended for overseas trading. 

It was originally intended in the preparation of this paper to trace the gradual evolution of the 
modern tanker with special reference to the many minor improvements in detail that have been effected 
from time to time, all tending to simplify construction and subsequent repairs, and tending also to 
produce the ideal theoretical oil ship. 

It was also intended to include the improvements in pumping, ventilation, &c., that have taken 
place Ue recent years, but the allotted space is already far exceeded, and it is necessary to bring the paper 
to a close. 

Tt may well be that these subjects will form the thesis of a paper at some future meeting of the 
association. 
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DISCUSSION ON MR. H. J. THOMSON’S PAPER ON 
“RECENT DEVELOPMENTS IN THE DESIGN OF OIL SHIPS.” 


Mr. R. Farrvey. 


In the latter part of 1919 Admiral Dumas read to the Petroleum Technologists a paper on the use, or 
rather the abuse, of oil fuel in ships. In that paper he remarked that, in a sojourn extending over 
20 months, in which he was engaged in a Mediterranean port, he was surprised at the great divergencies 
existing in the tankers which came into that port. 

I therefore consider we are particularly fortunate in having to-night such an up-to-date paper on the 
“ Design of Oil Ships” from Mr. Thomson ; the designs he introduces to our notice are both varied and 
interesting, and from a careful consideration of them it should be possible to obtain considerable 
enlightenment on this subject. 

I suppose Mr. Thomson’s reference to the non-carriage of cargo oil under machinery spaces refers to 
vessels classed with Lloyd’s Register, as in quite a number of cases oil cargo has been carried in the 
double bottom under the engine space. I should like to ask what are the objections to carrying oil cargo 
in peaks. 

It would be useful if the position of the watertight bulkheads between the tank and ship’s side were 
indicated in Figure 1. 

Tn the tubular tanker are non-return valves fitted between the side and central tanks, or is the central 
tank sufficiently strong to resist the pressures due to the outer tanks only being filled ? 

It would be interesting to know whether the reduction in cost in fitting Smith-Cameron bulk- 
heads bore any relationship to the saving in cost in materials. It would appear that the fitting of these 
bulkheads towards the sloping side of a vessel would be one of extreme difficulty and therefore costly. 

There have been various rumours recently regarding proposals to build an oil vessel of the monitor 
type, but I do not know whether the vessel referred to by Mr. Thomson is the materialization of such, or 
whether the vessel alluded to is now under construction. 

I am glad to see this question of the length of tanks raised. As Mr. Thomson states, the length of 
oil tanks is limited by the jae to 28 feet, alchough in this paper the lengths of tanks vary from 29 to 
60 feet. It would appear therefore that this rule is one more honoured in the breach than in the 
observance and the length of tanks allowed in the case of oil fuel bunkers is also rather nebulous. 

I concur with the author in thinking that besides oil pressure, account should also be taken of the 
volume of oi] in a tank when calculating the scantlings. I am surprised, however, to find him suggesting 
that we should receive the results of the model experiments with some reserve. I should rather say that 
we should accept the results but be careful in our application of them to full sized tanks, 


Mr. R. Howie. 


My remarks will be confined purely to the practical side of oil vessels. My first experience dates 
back to 1887, when two oil vessels were laid down in Messrs. Russell & Co.’s Greenock Yard. These vessels 
were 310 feet in length, and were considered very large vessels at that time. 

They were built under the supervision of Messrs. Flannery & Blakiston, and I can assure you the 
preparation of the plans was a stiff problem. 

The most serious trouble commenced with the first test ; the bulkheads gave every evidence of losing 
their form, and as a precaution the water was run off. 

Other trouble developed in the butts of the inside strakes of the shell plates ; the plates were butted 
and fitted with a single inside strap, the idea being that better caulking could be obtained at the landings 
with a flush butt ; these butts leaked badly, whereas the overlapped butts of the outside strakes shewed 
no signs of leakage. ‘The vessel was brought back to Port Glasgow and an additional outside strap was 
fitted to the butts of the inside strakes ; this proved an effectual remedy. 


4 


This vessel is still carrying petroleum and became due for her third No. 2 Survey recently ; I put 
her through the second No. 2 Survey about a dozen years ago and was surprised to note how well the 
steel-work had lasted in the tanks ; the cofferdams, however, skewed considerable signs of tear and wear. 

The surveying of old oil carriers is both difficult and trying. On account of half their voyages being 
made in ballast condition, heavy weather damage frequently occurs. 

This damage generally consists of slack rivets, and I have frequently found the plating fractured just 
abaft the after end of the butt lap ; it is a common recommendation to “ hammer test ” all the rivets. 

I would like to put on record that leakage was found on several occasions while back testing. Back 
testing has been a matter of much discussion recently ; from my experience of defects found, I am of 
opinion that back testing is necessary. 


Mr. G. F. Rosson. 


I have read Mr. Thomson’s re with care, and am sure we all realise the vast amount of time the 
author must have devoted to his task. The writer of the paper has had splendid opportunities to become 
thoroughly acquainted with his subject, and he has clearly conveyed much information to the members 
of this Association. 

My experience of oil ships is not extensive, so [am not prepared to enter, with confidence, into a 
discussion on this class of vessel, but the information contained in the paper is probably of even greater 
value to me on that account. 

Referring to the Author’s comment on page 4 on the diversity of opinion relative to the merits 
of plain brackets versus flanged brackets, there is no doubt, as he suggests, a discussion on this 
subject would be of value. 

With 1eference to the testing of ordinary D.B. Tanks, which were used for the carriage of oil, it was 
surprising how well many of the D.B. Tanks stood the large pressure applied to them. 


Mr. J. S. Ormiston. 


I think we are greatly indebted to Mr. Thomson for this very informative and lucidly written 
description of the developments in oil carrying ships. The variety in design as described in the text 
and diagrams reminds one of the well-known quotation, “So many men, so many minds.” 

With regard to the design of an oil tanker having two longitudinal bulkheads, this, I agree with the 
author, is a very strong design. I would point out that the arrangement of brick shift of transverse 
bulkheads—that is, the transverse bulkheads in the wing tanks are situated midway between those 
in the centre tanks—which [ do not think the Author mentions, surmounts a possible source of weakness 
which seems to exist in the usual arrangement of the longitudinally framed tanker at the transverse 
bulkheads and to which the author refers to near the top of page 8. J understand that in a tanker of 
this design, under the latest arrangements, there is a saving in weight in a vessel of 420 feet length of 
about 150 to 200 tons as compared with an ordinary longitudinal tanker. 

The Author, in connection with the transversely framed oil ships, on page 10 speaks of the 
longitudinal girders in an Isherwood vessel as “merely local stiffeners to the plating.” I think the 
function of these longitudinal members is much more important than that. They undoubtedly stiffen 
the plating, but in addition, it seems to me, they themselves contribute very largely indeed to the 
longitudinal strength and develop to a high degree the resistance of the plating against compressive 
forces, Consider, as an example taken at random, the top member, that is, the upper deck of an oil 
tanker-of about 410 feet length. Under a sagging moment this deck is in compression. In a trans- 
versely framed vessel th> deck plating has, without any assistance from structural members, to act as the 
compression member of the ship structure against buckling or collapsing over a length fore and 
aft equal to the beam spacing, in this case 46 inch plating with 254 inches spacing between the ordinary 
transverse beams ; in a longitudinally framed vessel of, same dimensions we would have structural sections 
riveted to the deck plating spaced about 30 inches in longitudinal direction, in this case about 74 x 3 x °40 
bulb angle with ‘46 inch plating, between stiff transverse members spaced, say, 10 feet 3 inches apart. 
Takinga most favourable crippling value, namely Euler's value, for the deck plating in the transversely framed 
ship, we have this about 14 tons per square inch, while for resisting the compression in the longitudinally 
framed ship, including only 15 inches width of plating in association with the bulb angles, we have a crippling 

is 


value (using the usual steel constants in Rankine’s formula) of about 19°8 tons per square inch ; that 


a 


the former has about 70 per cent. the crippling value of the latter. Further, the thought that the ratio 
= in the former is 190 while in the latter is 55 reveals the great superio. ity of longitudinal framing over 


transverse framing for resisting compressive forces on the deck, where it is usually accepted they occur 
most severely in oil-carryiug ships. ‘Therefore I cannot agree with the author’s description of the 
function and importance of the longitudinals of the deck. 

In conclusion, | would like to ask the Author whether he thinks the spacing of the rivets in the 
butts and seams of the transverse and longitudinal bulkheads might not be allowed wider than 
4, diameters, siy ia the upper portions of the bulkheads, and in connection with rivet spacing generally in 
oil carriers perhaps Mr. Thomson might give us his views. 


Mr. B. J. Ives. 


1 welcome this paper, because to the ordinary individual it brings out the difference which exists 
between “oil fuel”? and “carrying petroleum in bulk.” The two things, although treating of a liquid, 
ure really quite different from one another, and the distinction has not been sutticiently emphasised. 

In regard to the advantages which Mr. Thomson states are claimed where the system of carryin 
oil in tanks fitted in the hold is adopted, this in my opinion is illusory. How it can be lighter an 
cheaper than building an ordinary tanker is difficult to understand. The conversion of single deck 
Standard vessels to oil carriers showed want of foresight, as it is obviously better to have an article 
cis from first principles for the work it has to perform, unless there are overwhelming reasons to 
the contrary. 

In et to the testing of oil tanks, the paper does not tell us what difference in height of pressure 
was required when the tanks were tested afloat instead of on the stocks or in dry dock. 

No doubt the most interesting paragraph in Mr. Thomson’s paper is the first one in his general 
remarks, and it is encouraging to learn that material is not now added simply for the sake of adding 
material, and that the best results are being obtained from the manner of its distribution. What does 
not come out from the paper is whether, apart from the extra strengthening of the local parts of a ship 
necessary for the carrying of oil in bulk, the hull proper of the oil carrying vessel is heavier, or lighter, 
than that of an ordinary cargo vessel of the same dimensions. 

The problem of an oil vessel should be a much easier one to solve than that of an ordinary mixed 
cargo vessel ; the stresses can be made more definite, as the tanks can always be full, and even when a 
ship has no cargo the load could be made the same as that of the loaded vessel by the addition of water. 
In an ordinary cargo vessel the load will vary, depending on the volume of goods to be carried and their 
distribution ; hence it would appear possible in a vessel designed for the transport of oil to arrive much 
more justly at the correct scantlings than in an ordinary cargo tramp, and since the load could be 
practically constant it is possible the hull proper could be lighter. No doubt this is what is meant by 
Mr. Thomson in his general remarks. 


Mr. W. J. Crarc. 


Mr. Thomson is to be congratulated on the very interesting paper which he has contributed, giving 
in general outline some idea of the different types of vessels which are carrying, and are intended to 
carry oil and petroleum in bulk, and to some of us who have not been closely associated with the 
evolution of the oiler from the beginning the various designs afford more than a general interest. 

There are special difficulties in all types of construction, and as Mr. Thomson has pointed out, 
a great deal of trouble has been experienced in some vessels in the connections between the longitudinals 
and the transverse bulkheads, and quite recently I heard it stated that in a repair job as many as 120 
rivets had to be renewed in each tank in these connections. It is very satisfactory to note that this 
diiliculty is being got over in such a simple manner, viz., by increasing the size of the brackets and by 
flanging the edges. 

The War has brought out many new features, and the conversion of ordinarily built cargo vessels 
to carry oil fuel is a good example of the well-known maxim that “ Necessity isthe mother of Invention,” 
and there is no doubt that if such proposals had been made prior to 1914 such suggestions would have 
been looked upon with very great disfavour as being too revolutionary. 
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Mr. W. M. Basrour. 


In reading this paper, it is most noticeable that great ingenuity has been exercised by the various 
inventors, and the reason appears to be that we have not yet got the ideal tanker. 

The Author has given us a wealth of diagrams, but as is usual, we always wish for more, and I 
would have liked if an elevation of an end transverse bulkhead had been illustrated for a vessel as shown 
in Fig. 10. 

‘One of the great difficulties and drawbacks of any system of vertical corrugations is at the side of 
the vessel; it is necessary to have the web frame effect by fitting a flat plate or plates, and the 
combination of two structures of the same strength, but greatly varying rigidity, does not make an ideal 
design. 

From a mechanical point of view, it is noticeable that the various designers have the principal 
structural members in one direction, and the secondary one at right angles to the first; but in the 
ordinary web frame system the principal members are at right angles and the secondary parallel to one 
of them. It is a complicated system to calculate on a stress basis, and this may partly account for the 
small development of the ordinary transverse framed tanker. 

In cargo vessels built on the web frame system, the webs are kept as shallow as possible, and when 
this system was applied to oilers the same idea predominated ; but considerable advance could be made in 
reducing the number of webs and side stringers by increasing the depth of the remaining members, and 
this is being done in cargo vessels converted to carry petroleum in bulk, and the web frame system is 
gradually being brought on to a stress basis. 5 


Mr. A. G. AKESTER. 


[ think Mr. Thomson has given us a paper which, however difficult it may have been to write, is 
certainly not easy to criticise, this being due partly to the excellence of the subject matter but in part 
also to the absence of any statements of a controversial nature. 

This résumé of the various modern types of oil ships is of a general, rather than a particular, interest, 
and it is to be regretted that the space at the disposal of the writer was not sufficient to allow of more 
detailed accounts of improvements in certain cases. 

With regard to the “ Fleet Oilers ” built during the War to the order of the Admiralty, there were 
many varieties of these, ranging from 1,000 tonners—generally kept in harbour and used for oiling 
destroyers—to freighters of 10,000 tons deadweight. ‘The type referred to specially in the paper was 
known nominally as a 5,000 tonner. 

These vessels came in for a good deal of adverse criticism at the time it was decided to use them as 
oil freighters ; but, being designed for special service, it was wrong to compare them with ordinary oil 
tankers. Their speed in the loaded condition was about 16 knots. 

In nearly all the Admiralty oilers an ample system of steam heating is provided in the tanks so as to 
keep the oil fluid at all temperatures and heated as necessary to facilitate pumping. I think this is rather 
unusual. Perhaps Mr. Thomson can say whether it is customary in any of the large oil company’s vessels 
to fit such heating coils. 


Mr. R. M. McLaren. 


Mr. Thomson in his very interesting paper first touches on the historical side of the marine 
transportation of oil in bulk, and mentions the case of the “ Fergussons,” in which oil was carried in 
tanks separate from the main structure of the vessel. It might be of interest to mention that as far 
back as 1863, three iron sailing vessels were constructed (one of them, of 821 tons, was built in the Isle 
of Man) for carrying oil in bulk in much the same manner as in the present day tanker, middle line and 
transverse bulkheads being provided and the oil being in contact with the shell. 

The first of the modern type of oilers, the “‘ G@LucKAUF,” was built in 1886 by Messrs. Armstrong 
Mitchell & Co. The oil was carried next to the shell, expansion trunks were fitted for the first time, 
and the subdivision was by longitudinal and transverse bulkheads. There was some difficulty experienced 
in the classification of this vessel on account of the oil being in contact with the shell, but experience 
has proved that it can be so carried with safety. 

Mr. Thomson mentions the diversity of opinion respecting the maximum permissible length of oil 
tanks. The rules of some of the classification societies are indefinite upon the matter. The Norske 
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Veritas imposes no limit, but states that if the tanks exceed 30 feet in length extra strengthening is to 
be applied, The British Corporation and the Germanischer Lloyd make more or less enigmatic 
references to the relation between the lengths of the tanks and the stability of the vessel. The Bureau 
Veritas limits the length of tanks to 14 frame spaces. I am inclined to agree with those who hold that 
the oil tanks, especially in large vessels, might with safety be considerably longer than the 28 feet limit 
imposed by the Rules of Lloyd’s Register. 

The Author’s suggestion to base the maximum length of tanks of ordinary construction upon the 
vessel’s length is, I think, a sound one. 

Is Mr. Thomson correct in stating that, in vessels fitted for carrying oil fuel as cargo in the double 
bottom tanks, no oil is carried in the compartments under the machinery space ? The Rules of 
Lloyd’s Register, of course, permit this, and I think the tanks under the machinery have frequently been 
used for carrying oil fuel, even when coal is burnt in the boilers. 

Also, is the statement correct that tanks for oil fuel, F.P. above 150° F. are tested to a height of 
only 2 feet 6 inches above the top of the expansion trunk? Perhaps Mr. Thomson refers to a war-time 
concession. 

I do not agree with the Author that the concession to test only alternate tanks should be continued. 

It is the practice of some builders to double test each transverse and middle line bulkhead, 7.¢., to 
examine both faces of the bulkheads; the outside surfaces when a tank is under test and the inner 
surfaces when the adjacent tanks are filled. Defects not observable under the first test are detected at 
the back test. 

The testing of tanks by air pressure does not seem so reliable as testing by water in the usual way. 
By the latter system the greatest pressure is applied at the point where in service the maximum static 
stress occurs, whereas with air the pressure is uniform on all surfaces and imposes too severe a stress upon 
the top part of the tanks, whilst being very lenient towards the lower boundaries of the structure. 


Mr. R. BaLFour. 


On page 4 the Author states that great care must be taken to see that the tanks are filled, This, 
to my mind, is of paramount importance, especially in the case of double-bottom tanks, for it is a well 
known fact that there is considerable difficulty in filling these to the top level, and this difficulty I hold 
is solely due to the want of the provision of definite air courses at the top of the floors, to permit of the 
air escaping by the air pipes, which are generally fitted at the end bays. In many instances, at the joggle 
flanges of the tank top plating, or where liners have been fitted, 1 have found the spaces above the floors 
sealed with cement, especially where the floors and intercostals were closely fitted at the top. The spaces 
referred to should be left as open as possible without unduly interfering with the rivet spacing, and great 
care should be taken to keep them clear. 

Although cement wash is not used in tanks containing oil, the air courses are of even more 
importance, in order to get rid of the gaseous mixture, particularly when the tanks are empty. The 
presence of the gas at the top of the tank, in my opinion, has been a contributory cause of some of the 
accidents which have occurred, in spite of the steaming out process to prevent such. In any case, the 
air course is important when pumping out tanks, as it is pressure, not suction, that helps the pumps. 


Mr. A. W. JACKSON. 


| should like to add a few words to bear out Mr. Robert Balfour's statement that sufficient air holes 
and water courses are not provided in tanks, which often cause the liquid in the pressure pipe to 
disappear when a tank is under test due to air pockets. 

My attention was specially drawn to this matter in connection with the testing of oil fuel tanks on 
light cruisers and flotilla leaders with oil fuel, when time was allowed for the oil to settle down, and the 
pressure put on in stages. This was found to be due to collar plates being fitted where longitudinal 
material passed through the wash bulkaeads and the closing of the access doors in same. 

On another occasion, after testing a tank the oil fuel suction pipes were used to pump the oil from 
one tank to another, and it was found that the thin oil fuel of *93 specific gravity was unable to run to 
the suction pipe quickly enough for the same reason as explained above. 
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Mr. R. 8. JoHNson. 

A more opportune time than the present could not have been chosen for the reading of 
Mr. Thomson’s excellent paper, for the transportation and usages of oil are without doubt the outstanding 
features in the shipping world to-day. 

It is, therefore, not surprising that the vessel which is intended for the carriage of oil in bulk 
shale receive considerable attention from the designer with the evolution of the ideal tanker as 

is object. 

The numerous and varied designs which are described in the paper show the prolific nature of these 
enquiries; but, with certain exceptions, those which have found a market have yet to prove their efficiency 
in practice, and, in any case, local defects in the construction may be anticipated. 

I should he glad if Mr. Thomson could give some further information regarding the concrete oilers, 
of which, he states, several were built in America. 

The most novel design described in the paper is, in my opinion, the oil storage vessel which was 
intended to be worked on what is called the compensated tank principle. For harbour purposes the 
vessel might prove satisfactory, but if intended for use at sea the design would be considerably affected 
by the freeboard which could be assigned, as it is essential to have the load water line above the second 
deck level to ensure the correct loading of the vessel. 


THE CHAIRMAN--Mr. CaRNAGHAN. 


The Author is not quite consistent, when, on page 4, he admits that, even with careful workmanship 
and with the close rivet spacing adopted for ordinary oil carrying vessels, it is found almost impossible to 
prevent a small amount of leakage through the joints, whilst, on page 15, in connexion with the testing 
of tanks, he advocates the adoption of the testing of each alternate oil tank instead of every tank. It is 
a fact that a bulkhead, which has been tight when subject to the water test on one side, will sometimes 
leak when the reverse side is under water pressure. It sometimes happens that rivets have to be renewed, 
and unless back testing were employed one would have to trust to cna that such rivets would be tight 
when the vessel was in commission. 

Testing, generally, is not required for the purpose of proving structural strength, but for assuring the 
efficiency of the workmanship, and the testing of each oil compartment with compressed air will be found 
more satisfactory for the latter purpose than the old time method of water testing. Compressed air 
testing has been adopted for many years in connexion with refrigerating installations on board ship, with 
satisfactory results. An air pressure of half the hydraulic pressure will be found more searching than the 
latter, and, if the testing of the tanks is carried out when the usual shipyard noises are stilled, no 
difficulty will be experienced in locating even a minute leakage by the sense of hearing and, with the low 
pressure required for tank testing, the passing of a candle flame over the seams and rivet heads will give 
visual proof of such leakage. 

The advantages of air testing should appeal to the shipbuilder, especially in the case of large oil 
tankers, as a means of dispensing with the drawbacks incidental to water testing. 

The Author has given us a most interesting account of the various types of oil tankers, but, although 
he has found room in his paper for comparison of the various designs and of the weights of structural 
material employed in the building of some of the types, he has not touched on the dream of the oil 
carrier, viz. :—a vessel on the inside of whose oil tanks are plain walls, rounded corners, and stiffeners, 
floors, etc., which do not form obstructions when cleaning out the tanks. 


CORRESPONDENCE. 


Mr. 8. T. BryDEN. 

Having read Mr. Thomson’s paper on “* Recent Developments in the Design of Oil Steamers,” | 
feel sure that the tremendous amount of information imparted will be much appreciated by the Members 
of this Association. 

In connection with that portion of the paper which deals with river barges for the transport of oil, 
come particulars of the seven British monitors recently converted into shallow-draft tankers may be of 
interest. 

These vessels are employed in carrying oil from a river in Venezuela to the Island of Curagoa, the 
oil being there sfenafdored to ocean-going tankers. 


The following are the principal dimensions :-— 
Length B. P. 170’ 0; Breadth 31’ 2’; Depth 12' 3”. 
Load displacement 975 tons. 
Dead weight 425 tons on a draught of 10' 03”. 
The propelling machinery consists of two sets of Bolinder engines each of 320 B.H.P., driving the 
vessel at a speed of 74 knots when fully loaded. 
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The sketch above shows how these vessels have been modified to make them suitable for the carrying 
of oil in bulk. 

For purposes of discharging, a cargo-pump is fitted in the forecastle connected to a single main pipe 
line running aft, which has suctions to each tank on each side of the centre-line bulkhead. 


MEETING OF NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF ASSOCIATION. 
DISCUSSION UPON MR. H. J. THOMSON’S PAPER ON RECENT DEVELOPMENTS 
IN THE DESIGN OF OIL SHIPS.—Tuurspay, January 67H., 1921. 


Mr. Annear occupied the chair and there was a large attendance of members. 


Mr. ANNEAR. 
Mr. Thomson’s paper describes a large number of experiments in design, some of which offer points 
for discussion. The types which appeal most to surveyors are those involving removable tanks, 
cylindrical as compared with square tanks and longitudinal in comparison with transverse framing. 
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Mr. SNEDDON. 


Regarding the concessions granted during the shipping shortage of testing the tanks in heavy oil 
carriers afloat, and also of testing only alternate oil tanks, Mr. Thomson says as far as can be ascertained 
the results of these concessions have proved to be _— satisfactory and that some such permanent 
arrangement would be a great boon to shipbuilders. I do not think either the testing afloat or testing 
alternate tanks is satisfactory. 

Regarding the testing of alternate tanks only, this gives no opportunity of having a back test of 
the transverse bulkheads. It is very often found after a tank has been tested on the caulking side, 
and found entirely satisfactory, that when the back test is applied it is found that there are several leaks, 
more especially in the bulb angle horizontals and the angles connecting webs to bulkheads, which 
| require to be made good and which would not be found if there was no back test. 
| Regarding the testing of oil tanks, it is often asked why the centre line bulkheads require to be 
| tested. Speaking to several superintendents and captains, they state that different kinds of oil are not 
| carried on each side of a centre line bulkhead, and if this is the case it is thought that in vessels classed 
to carry petroleum in bulk the centre line bulkhead might be made only practically oil-tight with seams 
| only single riveted and not tested, as is done in the case of vessels carrying oil fuel. 

Another thing often found in longitudinally framed vessels is that the rivets in the ends of the 
| longitudinals, and also sometimes on each side of transverse, are slack and require to be renewed. This 
| only applies to the flat of the bottom. In the case of the 17,000 ton tankers now building for the 
Eagle Oil Co. back angles of a length of 5 feet are being fitted to the ends of all Jongitudinals in the 
flat of the botiom, thus giving a double shell connection, which, it is expected, will overcome the trouble 
| experienced in the past. These back bars are fitted in all the oil compartments, 
| Another thing is the pitting that is found in the bottom shell plating in oil tanks where no cement 
is wan especially the midship compartments, which are filled for ballast when the vessel is going 
out light. 
wean thing is special examination of cofferdams on account of the corrosion that takes place 
there. I have often found in the older vessels that the cross ties, bulkhead stiffeners, etc., inside the 
cofferdams are considerably wasted. 


Mr. Brown. 


As regards the longitudinal framing, Mr. Thomson is of opinion that the system had been pressed too 
far in earlier vessels, and that the ordinary transverse construction is preferable before and abaft the oil 
cargo spaces. It made difficult and costly work setting longitudinals at the ends where they had set or 
“‘sny” in varying planes. 

Recently we had a case similar to that mentioned on page 5, where the wing tanks were filled leaving 
the cylindrical tanks adjoining empty. The cylindrical tanks buckled inwards with a loud report and on 
pumping out they returned to shape with no apparent damage. The filling in this way was done without 
the Surveyor’s knowledge, and care was taken that the ship’s officers should know that the non-return 
valves should be kept in perfect order so that the mistake could not oecur again. 


Mr. GREGORY. 


In the construction of one or two vessels built on the longitudinal system throughout there was great 
difficulty in getting the frames bent or set at the fore and after ends. ;These vessels were 15,000 tonners, 
and it was estimated that a saving of weight of 60 tons resulted from the longitudinal construction of 
the ends. 

In one case a vessel came in for repair which had circular tanks, and there was difficulty in 
making the tanks tight. The foundation bars were fitted so that the tank shell plate rested in the bosom 
of the bar. Cautking the toe had only the effect of springing the bar, and it was necessary in this case to 
fit a doubling bar on the outside. 


The discussion upon Mr. Thomson’s paper was resumed at a meeting of the Staff held on Tuesday 
llth January. Mr. Langlands occupied the chair and in opening the discussion said there were several 
points upon which he wished to make a few remarks. 
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It would be interesting to know (1) if the t of Oil Ships mentioned have been built ; (2) whether 
in service they have justified the hopes of their designers: (3) of any defects developed in service ; (4) a 
comparison of the weights of hulls under different systems. 

The type of vessel (Fig. 4) having two longitudinal bulkheads has much to recommend it. He would 
like to know if any stiffening beyond that shown is required at the centre line for dry-docking. 

Hogg-Carr bulkheads, in the “ two-longitudinal bulkheads” vessel, would reduce weight without 
detracting from the strength. 

Among points outside the paper which might be discussed with advantage are the following :— 

In oil fuel side bunkers cross-stays fitted between the ship’s side and bunker wall would be better 
omitted on account of the danger, in the event of collision, of the stay being thrust through the inner 
bulkhead and thereby liberating oil into the boiler-room. 

Gutterways around oil fuei bunkers should be led into a separate bilge space, and there should be an 
independent suction for draining the space. 

The scarphing at the change from longitudinal to transverse systems of framing should always 
receive Surveyor’s careful attention. 


Mr. Hopason. 


- With regard to the cylindrical tank steamer, Fig. 1, a great saving of material and workmanship is 
no doubt effected, especially when the vessel is so designed as not to require the exterior compartments as 
summer tanks. One of the troubles experienced in this type of vessel, [ think, is the difficulty of keeping 
the top and bottom boundary angles of the cylinders oiltight on service. This, I think, has been the 
experience of most Surveyors at this Port. In my opinion, the cause is inherent in this design, in which 
these comparatively short stiff cylinders are built into a more or less flexible structure. The smallest 
amount of longitudinal straining seems to start the caulking of the foundation bars. This tendency seems 
to have been aggravated in some of these vessels by what have perhaps been regarded as minor points in 
the design, viz. :— 

1. The omission of alternate strakes of inner bottom plating in way of the cylindrical tanks. 

2. The carrying up on to the sloping limbers of the cylinder foundation angles on an oiltight 
foundation plate causing very awkward workmanship. 

8. The fitting of the cylinder plating into the bosom of the foundation angles, with heels of 
bars outside. I think better results might be obtained with complete inner bottom level to 
ship’s side and having the minimum number of holes in way of the cylinders ; also the fitting of 
double foundation bars top and bottom caulked on all flanges. 

In the case of the twin hull boats illustrated in Figs. 8 and 19, Mr. Thomson does not say whether 
these are ocean going vessels—it would be interesting to know the dimensions of these vessels. The twin 
hull boat (Fig. 19) is apparently about 70 feet beam. Now the length of ship necessary with this beam at 
ballasted trim to give economic propulsion at sea is fairly large and would appear to lead to extreme 
proportion of length to depth with consequent necessity for extra longitudinal stiffening. 


Mr. Hupson. 


| would like to mention one design which was not included in Mr. Thomson’s paper, viz., that 
suggested by Mr. Kendal (a colleague) and adopted in one or two vessels. 

Mr. Hudson described this vessel, and pointed out the advantage of fitting the expansion trunks at 
the sides of the vessel instead of at the centre, thereby obviating the difficulty of making the second deck 
oil-tight at the sides and also effecting a saving of weight by dispensing with the middle line bulkhead 
in tween decks. 

Mr. Rogson. 


With reference to the vessel with two longitudinal bulkheads (Fig. 4). This design appears to be 
very interesting ; however, Mr. Thomson has not mentioned one important feature (I presume this is the 
Laing-Ashby design), that is the staggering of the transverse bulkheads. This arrangement permits of 
“scarphing ” of the deck and bottom longitudinals. It will also be seen that the whole of the vessel’s 
girth is not pierced as in the case of the ordinary type in way of the transverse bulkheads. 

Mr. Thomson states that the Hogg-Carr bulkheads are easier to construct, but my experience of 
these bulkheads gives me the contrary opinion, 
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During the first portion of this meeting Mr. Sneddon, in his remarks, gave a few hints.regarding 


‘survey work on older oil vessels. If I may suggest it, perhaps this advice might form the basis of a 


paper to include all types of vessels, and I have no doubt such a paper would be appreciated by the 
younger Surveyors. 


Mr. Bryan. 


I was at Middlesbrough when the first longitudinally framed ship (“* Pau Parx ”) was built, and if 
I remember correctly, the longitudinal framing was carried even into the after peak, and this, I may say, 
was found to be a most impracticable idea, and in the subsequent vessels the transverse framing was 
adopted at the ends. 

I think it quite a good idea to fit the longitudinals in the fore peak (with, of course, the ordinary 
floors at the bottom) ; with their brackets they form a tier of breasthooks which make quite a strong job. 

Regarding the ‘“Smith-Cameron” bulkheads, I would like to know if there is any difficulty 
experienced in the back-test. 

Mr. GRay. 


“Smith-Cameron ” type bulkhead.—The staggering of butts of longitudinals mentioned on page 8 
is not shown on Fig. 10, but these longitudinals are butted at the bulkheads, giving a clearance between 
butts of about 2 feet 6 inches. Usually brackets are fitted to the bulkheads and longitudinals and the 
brackets are made continuous through the bulkhead to take -the longitudinals on fore and aft sides of 
bulkhead. In this connection, when “ Smith-Cameron” bulkheads are associated with longitudinal 
framed vessels, care should be taken that the diameter of the circle to which the bulkhead plate 
is rolled should be a multiple of the spacing of the longitudinals, otherwise awkward vertical 
joggles have to be made in the brackets to pring them in line with the longitudinals. This, for 
various reasons, is most objectionable. Usually in practice, the centre line bulkhead plates have the 
concave surfaces looking to different sides of the ship in adjacent tanks. These items are, of course, 
details, and are naturally not dealt with by the Author of the paper, but are mentioned now as they may 
be of interest to members of the Association, 


REPLY BY THE AUTHOR. 


Several speakers have referred to what is, of course, a misprint, viz., that in testing a tank with air 
the pressure applied is half the mean water pressure; this should, of course, read “ tested with mean 
water pressure.” 

It illustrates very well the conflicting ideas on the subject of testing oil tanks that Mr. McLaren 
states that air testing is not so satisfactory as water testing, while Mr. Carnaghan, on the other hand, is 
quite positive that air testing is more reliable. 

Ideas on the subject of testing alternate tanks only are somewhat chaotic, but there is no doubt 
that the present arrangement is both cumbersome and expensive, and it is to be hoped that before long 
some better system may be devised. 

The question has been raised regarding the test head in varying lengths of vessels. So far the 
Committee of Lloyd’s Register have insisted on 8 feet even in the smallest vessels, but the time is 
probably not far distant when the test head will bear some relation to the depth of tank. 

When tanks are tested when the vessels are afloat it has been the practice to test them with the 
same head as would have been applied on the stocks. 

With regard to the vesting of tanks intended solely for the carriage of oil fuel with F.P. above 150° F., 
it might be pointed out that this question first arose in an acute form during the War and the practice, 
was then to test these tanks with a head of 2 feet 6 inches above the top of the trunk. About 150 vessels 
were so tested and as these have proved thoroughly satisfactory on service there would appear to be no 
sound reason for departing from what was never at any time intended to be a war-time concession. 

Exception is taken to the statement that the longitudinals in an Isherwood framed vessel are only 
local stiffeners, but it must be pointed out that if the structural stress is added to the local stress the 
resultant stress is one which no steel structure would stand, and therefore it can only be assumed that 
the longitudinals do not take up their full share of the structural stress. 

‘the chief value of the longitudinals is, as stated in the paper and confirmed by Mr. Ormiston’s 
calculations, that the plating of the bottom and decks js stiffened in such a manner as to afford the 
maximum resistance to the tendency to buckle under to structural stresses. 
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It has been stated that the conversion of the type “ A” standard ships to oil vessels showed a lack 
of foresight, but it must be remembered that this was an urgent war-time measure, and at that period 
this class of vessel was easily the most suitable for the purpose. 

Where the want of foresight was shown was in embarking on a scheme of building a fleet of heavy 
oilers of the ‘* Z” type when with very little extra workmanship or expense regular petroleum carriers 
could have been produced. 

Several speakers have asked why no mention is made of the transversely framed oiler as contem- 
plated by the Rules, but it must be remembered that this system has become obsolete through disuse, 
and consequently it is now more of historical than of practical interest. 

It is interesting to note that no exception is taken to the suggestion that the Rule length of tank in 
the larger sizes of oil vessels might. well be increased, and this amendment may be introduced after the result 
of the model experiments now being carried out are available. 

It is not understood what Mr. Balfour means when he asks “ how the bending moment varies for 
constant Jength of ship and varying length of tank,” as it must be remembered that the total length of the 
oil tanks is the same whatever be the length of individual tanks, and consequently the bending moment 
is constant. 

Mr. Hudson states that no mention is made of the type of construction first suggested by Mr. Kendall, 
but the reason for this omission is that it is illustrated in the paper read by Dr. Montgomerie. As a matter 
of fact, quite a number of vessels have been built on this system in America within recent years, the space 
in the centre of the vessel between the expansion tranks being used for the carriage of iron ore. 

Attention has been drawn to what is, of course, a most important detail in connection with the 
carriage of oil, especially in double bottom tanks, by provision of proper air courses, a point which it must 
be confessed is not sufficiently emphasised and is too often overlooked by the Builders and Surveyors. 

It might be mentioned that practically all the types of vessels illustrated have actually been 
constructed with, so far as is known, satisfactory results, but some types have not been sufficiently long on 
service to warrant any positive assertions regarding them. 

With regard to the question which has been raised regarding the spacing of the rivets in oil vessels, 
it can be stated in general that opinions are fairly unanimous that the present spacing of 3} dias. is not far 
wrong in the seams and butts of the bulkheads. But it might be worth while considering whether the 
riveting requirements could be modified in the following particulars, viz. :— 

1. The riveting of the butts of the outside plating modified to something like the present 
arrangement in Isherwood vessels. 

2. The treble riveting of the shell seams confined to the vicinity of the maximum shearing 
forces. 

3. The seams of the weather deck plating single riveted. 

The riveting of the middle line bulkhead has been mentioned, but this is dealt with in the paper. 

A number of valuable points have been raised regarding practical details which must be of great 
interest to everyone. 

It is distinctly encouraging for the future of the Association that so many members have taken part 
in the discussion, and it is to be hoped that this interest will not only be maintained but intensifie) 1 as 
time goes on, 
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SOME NOTES ON PLATING AND RIVETING, 


The supreme importance of the subject of Riveting in ship construction is sufficient justification for 
taking the risk of writing of matters generally known to my colleagues, and in these post-war days when 
the quality of the work stands so much in need of the closest supervision on the part of the Foreman and 
Surveyor, it is desirable that the essentials to good workmanship should be discussed and put on record for 
the guidance of all concerned. 

Tt will be generally admitted that, from various causes, riveting work in ship construction during the 
strenuous years of the War and in the time of “ reconstruction ” which has followed, left and leaves. much 
to be desired. 

The principal causes of unsatisfactory work were the following :— 

(1). Many of the best workmen left the shipyards and joined the army (a good workman is 
usually a good citizen) and the ranks of the inefficients in the shipyards were swelled by men of 
little experience, who were anxious to find a place of refuge from compulsory military service. 

In this matter the shipbuilders were in the unfortunate position of being obliged to employ 
these inefficients, or endeavour to carry out their urgent contracts with depleted numbers of men. 

(2). When workmanship was found unsatisfactory the temper of the men made correction 
difficult, and men would rather “ down tools” than submit to a penalty. 

(3). The necessity for very rapid construction of ships to replace war losses, the unusual type 
of these vessels and the methods employed to accelerate production. 

It will be easily realised that the presence of inefficient workmen in a shipyard has its evil effect, not 
merely upon the work they do themselves, but also upon the work of their normally efficient fellow- 
workmen, and even upon foremen and managers. The whole standard of workmanship is lowered, and the 
question for workmen, foremen and managers is not whether work is good or bad, but whether 
it is “good enough.” 

A little time must necessarily elapse before a pre-war standard of workmanship can be reached, and 
this can only be attained by Surveyors giving the closest attention to details of construction, of which 
“riveting ” is of the first importance. 

At the present time an adequate supply of labour is available for the amount of work in hand and 
this oeaie. a foreman to make a choice of his men, and to exact penalties from them for work badly 
executed. 

Briefly the means by which good riveting can be obtained are the following :— 

(1). Accurate alignment of holes in parts to be riveted together. 

(2). Punching of plates or sections from faying surfaces. 

(3). Proper screwing together of parts to be riveted. 

(4). Rivets must be of correct length and of a form to suit the holes. 

(5). Rivets should be heated to proper temperature and sufficiently cool by the time the 
knocking down has been completed. 

(6). The knocking down should be done by hammers of suitable weight, and the number 
and vigour of the blows sufficient to properly stave the rivet into the hole. 

In the case of pneumatically hammered rivets the air pressure should be about 100 Ibs. 
per square inch (the Trade’s Union minimum limit of pressure is 85 lbs. per square inch), and in 
the case of hydraulically riveted work the pressure should be about 1,500 Ibs. 

: (7) (For hydraulic riveting). The jaws of the machine should be at right-angles to the parts 

being riveted ; the snaps should be of proper shape and a good fit in their sockets. The trestles 
upon which the parts rest should be sufficiently close to each other to prevent the distortion which 
might otherwise be caused by the weight of the machine, 
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Supplementing the foregoing conditions, which in moments of despair we are inclined to consider 
mere councils of perfection, more likely to be honoured in the breach than in the observance, it might 
be interesting to mention some of the common faults into which human frailty leads the plater, the riveter, 
and the erecting shipwright. These faults are often disheartening to the Surveyor and sometimes 
disastrously expensive to the shipbuilder. 

The moulding loft template, for instance, may be extremely valuable in the shipyard if used carefully 
and with a proper appreciation of its limitations, but its indiscriminate use, towards which there is a 
growing tendency, leads to much trouble in unfair rivet holes. These are found in tank top plating and 
deck plating in cases where @// the plating is marked from moulding loft template and not merely the 
inside or “skin” strakes as is the better practice. 

Another cause of unfair holes is the practice of paying the erecting shipwrights on the piecework 
system whereby parts such as frames, beams, bulkheads, etc,, are placed in position (more or less) with more 
regard for speed than accuracy. 

(It is the intention of the Shipwrights Society to decree that ‘ piecework” be discarded and “time 
work ” adopted in the near future—this, not from an altruistic motive, but its effect should be beneficial 
to the quality of the work done). 

In this connection the pneumatic drill plays a rather disreputable part, for, if we take the case of a 
deck beam which has been slightly bent in slinging into position we find that no attempt is made to fair 
it; the deck plates are fitted and if the “drift” will not bring the beam and deck plate holes into 
conformity, the drill is applied (not always perpendicularly) and the hole is finally left of the form shown 
in figure 2, in which the dotted lines show the normal holes, to the tender mercies of the riveter. 
Re-countersinking of rimered holes is often omitted. 

To completely fill a rimered and re-countersunk hole the rivet should be considerably longer than 
would be required for a fair hole. 

Care should be taken that steel sections which have been cut by the shears have not been bent in 
the process and that no “rag” has been left on which will prevent one bar from fitting closely to its fellow. 

It is, of course, of great importance that all parts about to be riveted together should be properly 
screwed up, as, otherwise the strength factor of surface friction will be lost and the watertightness of parts 
will be interfered with. 

To efficiently close, say, a landing edge of shell plating, service bolts should be applied in arrangement 
and number as shewn in Fig. 3. 

The closing of double boss frames is sometimes found difficult on account of the surfaces becoming 
somewhat unfair through furnacing. To accomplish this an arrangement has been adopted with excellent 
results in which an iron block is secured to the upper jaw of the hydraulic riveting machine and so 
adjusted that when the snap closes on the rivet, the block bears on the toe of the angle section. See fig. 1. 

To obtain clean holes by punching, the minimum clearance between punch and die has been found 
in practice to be about 3th. of the thickness of the plates to be punched. 

With less clearance the hole would be of the form shown on fig. 4 and with more, the tendency 
would be to increase the diameter of the hole at the surface remote from the punch. 

The relative sizes of the punches and dies should be somewhat as follows :— 


in. in. ine in. in. 
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Countersunk-headed rivets are not always of a form corresponding with the hole in the plate. 

Commonly they are too shallow in the depth of the countersunk part as indicated in fig. 5 
~~ Tt-is obvious that no amount of hammering on the points of these rivets will close the gap under the 

hétids—the hammering being on the part remote from the gap. 

Such rivets might easily pass muster as sound ones from superficial inspection. 

The points of countersunk rivets should not overlap the hole in the fashion shown in fig. 6 as the 
edges of the rivets cannot be properly finished and cannot be caulked—if that be necessary. 

The defect just mentioned is not uncommon in pneumatic riveting. 

It is essential that rivets should be of sufficient length to project through the holes about 1} diam. 
for hydraulic, 14 diam. for hand, 14 diam. for pneumatic if the holes are countersunk, and about 
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1} diam. for hydraulic and hand and 1} diam, for pneumatic riveting if the holes are punched, and the 
rivets are to be full pointed. , bal 
For full pointed rivets when holes are not countersunk, the point should be of the form as in fig. 7, 


the thickness at the point marked A being about e 


If a rivet is not sufficiently hot during the knocking down process, it most probably will not fill the 
hole properly whether the means employed be hand hammering, pneumatic machine or hydraulic machine. 

Comparatively cool rivets are most likely to be put in at the hydraulic machine where the rivets are 
taken from the fire in batches of four (if the Surveyor is looking on) or more (if he is not). 

Rivets taken from the oil heated furnace are sometimes observed to be almost entirely cased in slag 
scale, due probably to overheating. 

Part of this scale is usually perfunctorily knocked off before inserting the rivet in the hole, but 
sufficient care is nob taken to entirely remove it. Jeu 

The presence of this slag in the hole is distinctly detrimental to the efficiency of the rivet, as was 
clearly shewn in the case of two rivets which I had put in a test piece, one of which was clean and the 
other left slag-covered. : 

The latter shewed in the sawn section, a thickness of }”’ of soft material, which could be picked out 
with a pen-knife, encasing the rivet. 

The practice of heating rivets in a punched piece of steel plate is not a good one, as there is a 
danger of the point only being heated, leaving the neck and head comparatively cool, and if, as I pointed 
out previously, there is any cavity under the head, it is improbable that the cool part of the rivet will fill 
the hole at this point remote from the hammering. 

It occurs to me that the calculated strength of parts of a vessel’s structure must differ very 
considerably from the actual strength of the parts as built, due to loss of surface friction when riveted 
joints have not been properly closed. 

For the purpose of estimating the value of surface friction as a strength factor in a joint, I had two 
samples prepared from the same steel plate. Two pieces of plate were fitted and their butts secured by 
double buttstraps, with five ;" rivets on each side of the butt. In the case of one sample the work was 
properly “closed,” and in the other it was intended that the parts should be kept apart by the 
introduction of foreign matter between the surfaces. 

Unfortunately for the success of the experiment the “foreign matter” was knocked out by the 
riveter, and the bottom thereby knocked out of the experiment, but I am of the opinion that useful 
information would be obtained of the relative strength of properly and improperly closed work by such 
an experiment, and I intend to make another attempt to obtain samples on the lines mentioned for 
a tensile test. 

Of the three forms of riveting—practical hand riveting, hydraulic riveting and pneumatic 
riveting—hydraulic riveting is undoubtedly the best from all points of view, whether of strength, 
tightness or cost, and one regards its growing popularity with shipbuilders with much favour. No doubt 
this popularity is due largely to its cheapness, but, other things being equal, one finds the shipbuilder is 
not averse from turning out a sound job, and no doubt the high efficiency of the hydraulic rivet 
appeals to him, 

With the present day facilities for handling large structural parts, much of the work of construction 
can be done “on the ground,” and this circumstance favours the doing of more hydraulic riveting 
than would otherwise be the ¢ase. 

In this connection it might be mentioned that cruciform parts forming the junction of transverse 
and- longitudinal bulkheads in oil-carrying vessels, also the greater part of the oil-tight bulkheads 
themselves, longitudinal frames and beams with their brackets, transverses and many other parts, are now 
generally hydraulically riveted on the skids, and are afterwards erected in large built sections. 

The junction of the transverse and longitudinal bulkheads in oil vessels was very frequently, in the 
past, a ‘‘ weak spot in the armour ” of otherwise well-built ships. This was due to the difficulty in fitting 
and riveting and caulking the angles in an almost inaccessible corner. 

The hydraudically riveted cruciform section overcomes this difficulty. 

In preparing such members as ‘tween deck transverses, the rivet holes in the joining brackets or lugs, 
should not be punched or drilled until the transverse has been erected in the vessel in order to admit of 
adjustment and to obviate the possibility of these holes being out of line with each other. This applies 
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with equal force to the end attachment of longitudinal frantes at transverse bulkheads. In such cases the 
holes should be punched in the bulkhead lug only, and after the fairing of the frames the bracket plate 
which is of course already hydraulically rivetted to the frame, should be drilled through for riveting 
to the bulkhead lug. 

In hydraulic riveting it is desirable that the machine remain closed wpon the rivet for a longer time 
than is usual im everyday practice in order thatthe rives may be somewhat cooler and less liable to stretch 
if there be any tendency in the parts, which are in process of being rivetted, to spring asunder. 

There can, of course, be no “ going back” upon a hydraulic rivet—an operation so essential to. the 
efficiency of the other methods of riveting. 

I have had occasion to object to the use of pan-headed rivets in countersunk holes and an 

rimental sawn test-piece justified my contention that the holes could not be filled in the countersunk 
under the heads. 

The best form of rivet for hydraulic countersunk work is the mushroom headed rivet (fig. 9). 

The snaps. used in the machine should bear the same relationship to the form of rivet head as is 
shewn in the sketch, in order that the pressure may be exerted on the centre of the rivét for equal 
diffusion of material in the hole. 

If the snap were of more concave form it will be obvious that it would bear on the periphery of the 
head which would be pressed down on the plate without filling the hole. 

For a like reason, if ordinary flat countersunk headed rivets were used with a concave snap the results 
would be unsatisfactory, whilst if a flat snap were used it would be difficult to keep the machine: in 
position over the rivet. 

The danger (panionaly referred to) of slag entering the rivet hole with the rivet should be 
particularly guarded against in hydraulic riveting in which case the rivet is invariably inserted from the 
top and in driving in the rivet any slag which may be present becomes forced upwards and accumulates 
under the head. 

A. useful device whereby the hydraulic machine (Arrol’s) may be adapted to rivet close flanged 
sections is shown in the sketch (fig. 10). 

The arrangement consists of eccentric snaps—a short one in the top jaw and a long one in the lower 
jaw—fitted in a machine with a restricted depth of jaw at its extreme end. 

By these: means the jaw and snap can be inserted between the flanges of a 6’ channel section, and 
the eccentricity of the snap brings it as near as possible to the end of the jaw. 

A. saving in cost. is thus effected of about 150 per cent. and the efficiency of the work done is also 
inereased beyond that done by pneumatie machines. 

My experience—which will also be the experience of my colleagues—is, that with reasonably good 
workmen, hand riveting leaves little to be desired and it has this negative virtue—its defects can be 
a, detected. 

t is conclusive evidence of the superiority of hand riveting over pneumatic that a longer rivet is 
used in the former than in the latter. 

If carefully carried out pneumatie riveting may be quite sound and efficient, but in common 
experience it is often neither, and I have no hesitation in saying that in a very large majority of cases 
of defective riveting the essential cause is the misuse of the pneumatic hammer. 

The time taken to. knock down a rivet by means of the pneumatic machine is about two-thirds of 
that taken in knocking down by hand. 

For that reason (the rivet having more of its original heat when finished) it is the more necessary 
that the! rivets should be “‘gone buck on,” and if that operation is neglected, as, I am afraid, is often the 
case, the results. of that omission are more serious. 

The short rapid blow of the pneumatic hammer has not the staving effect of the direct hand 
hammer blow, and in my opinion the effect is rather that the point is crumpled up, leaving the part 
under the head more or less unaffected. 

“J also think that the vibration of parts set up by the rapidity of the pneumatic hammer strokes 
cannot but have a loosening eilect on the adjacent finished rivets. 

The paring off of long rivets is not so convenient for the pneumatic rivetter,so he is inclined to 
plaster the point over the edges of the hole in the fashion shown in fig. 11, making a very ugly and 
inefficient rivet, and one which it is impossible to caulix satisfactorily—if caulking should be necessary 
If, on the other hand a rivet be a littie short in length, the pnetmatic hammer’ is liable to mutilate 
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the plate: In any case, one finds more irregularity im the size of the points in pneumatically 
hammered rivets. 

The pneumatie machine when first used had a deeply cupped hammer face, which produced a full 
snap-pointed rivet point, but it had the defect of bearing, in operation, on the plate instead of on the 
rivet, and many apparently sound rivets were found to be loose under the testing hammer. 

In present practice the pneumatic hammer has generally a perfectly flab face, which gives mucly 
better results. 

To enable the pneumatic hammer to knock down a riveb in the flange of an angle section, in the 
other flange of which pan-headed rivets have been fitted, a hammer head of form shown in fig. 12 is 
sometimes used. 

The “jamb back,” commonly used for “ holding up” pneumatically hammered rivets, is shown in 
fig. 13, and its face is cupped, as shown. In my opinion better results would be obtained if the cup were 
made pan-shaped to fit pan-headed rivets, or, alternatively, the rivets were snap headed to fit the eu 

Rivet: testers are frequently not so thorough in their testing as they should be. This is dais 
due in some cases to fear of “ reprisals’ from the rivetters, if their condemnation be upon too wholesale 
a scale, and to the fact that they have themselves been rivetters who in their old age have found in testing 
a suitably “soft job.” Of the parts of a vessel, under survey after service, in which a Surveyor expects 
to find loose rivets, the after peak is conspicuous in frequency, and I would suggest that more attention 
be paid to the structure at that part with a view to securing greater rigidity. 

It is my opinion that if double frames were fitted in way of the “cross tie” floors above the stern- 
tube, the main floors were secured to the frames by double row of rivets, the stringer shell lags were 
double rivetted as at the panting stringers forward, and if, when the after-peak bulkhead is recessed, the 
frame leg brackets secured by double lugs to the flat, the trouble would be largely overcome. 

One of the leading companies now arrange for double frames and other items of strengthening in 
the after peaks of their vessels. 

This firm also found marked signs of insufficient strength in the engine spaces of a number of 
their vessels which were built upon the longitudinal framing system. Thus, the transverses were found 
cracked right through plate and double face angles, and the shell plating in way of the frame lug was 
torn. (See fig. 14.) 

To remedy this the transverses in entine space are being fitted without frame slots, the 
longitudinals being cut at and bracketed to the transverses. 

In the summer tanks it was found that when the deck plating was Hanged to the trunk bulkhead 
the rivets inevitably became loose. ‘To remedy this the deck plating was carried through for a distance 
equal to the depth of the webs, and a double-rivetted angle was fitted at the junction of deck and 
tank side. This proved successful. 

lt is remarkable that in a number of instances in oil vessels the longitudinal beam nearest the ship’s 
side has had the rivets in its bracket. lug loosened in the bulkhead flange, with consequent leakage. 
One would have thought the close proximity of this member to the shell plating would have rendered its 
connections inviolate. 

It has, no doubt, been evident to many, that in the longitudinally framed vessel the crowding 
together of the longitudinal brackets at the bilges (due to the form of the vessel at that part) is not 
satisfactory on account of the difficulty in obtaining access for riveting and holding up. 

{t-would be preferable, in my opinion, to omit alternate bilge brackets, and to compensate for the 
omission by fitting the remaining brackets of larger dimensions. By these or other means such 
accessibility would be obtained as would enable sound work to be done. 

Generally speaking, one finds that in most cases of defective riveting which come under observation 
in ships undergoing periodical surveys, the defects are due to local alternating stresses rather than to any 
failure to meet the maximum steady load which may be imposed. $48 

I have mentioned, elsewhere, the frequent occurrence of trouble in the after peaks of vessels, and if, 
as is generally the case, the after-peak is used for carrying water-ballast, the corrosion which occurs 
seems to cause more rapid deterioration in plating and riveting in parts so subject to vibration. 

The loosening of rivets in the seating of main engines and of dynamos is also due, of course, to 
vibration, and much can be done to minimise, if not to prevent, the development of such defects, by 
ensuring that all parts fit closely, and that the angles do not project beyond the edges of the plates upon 
which they are mounted, in order that stresses may not be altogether thrown upon the connecting rivets, 
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The practice of countersinking, or not countersinking rivet holes in water-tight bulkheads, and in 
shaft tunnels, is a variable quantity—in the absence of a ruling by the Society on the subject. Some 
builders countersink all rivet holes in fore-peak, after-peak, deep tank, engine and boiler-room bulkheads, 
and in shaft tunnels; others omit countersinking in tunnels and engine and boiler-room bulkheads ; 
but all agree in their own interest in countersinking the holes in peak and deep tank bulkheads— 
wherever, in fact, a water-pressure test is to be applied. 

Surely this amounts to an admission of the necessity of countersinking rivet holes in all watertight 
bulkheads and tunnels. An official ruling on this point would be helpful to the surveyors. 

In the case of an insulated vessel built under my survey, the Owners insisted upon all watertight 
bulkheads having countersunk rivet holes as a precaution against the possibility of the insulation being 
damaged by even slight leakage in the event of an adjoining compartment being bilged. 

To-day, it is common practice in Plating to ‘‘ mark off,” shear, and punch keel plates, centre girder 
plates, floors, intercostals, margin plates, garboards, 3 inside or “skin” strakes of shell plating on the 
bottom and 8 on the sides of a vessel, the whole of the tank top plating, the “‘ skin” strakes of deck 
plating and all bulkheads, from information supplied by the Moulding Loft. 

As far as first cost is concerned a considerable saving is effected by so doing, and the system has the 
further advantage that all parts can be prepared simultaneously and to that extent production may 
be accelerated. 

On the other hand much greater accuracy of workmanship is imperative and supervision requires to 
be more stringent. 

Even with such supervision one frequently finds rivet holes out of line with each other, and such 
mistakes as the punching of a line of holes in deck and stringer plates in normal positions where beams 
have been turned as at hatch ends, etc. 

As I remarked elsewhere the limitations of the system must be recognised and its indiscriminate 
adoption vetoed. 

The practice of fairing frames and deck beams by means of their own plating alone is not, in my 
opinion, satisfactory and I have found it necessary on several occasions to advise the cutting out of rivets 
and the re-fairing of parts of shelland deck plating in cases in which the method of fairing without 
ribbands has been adopted. 

Ribbands are particularly necessary in the the fairing & vessels of light scantling and thin shell and 
deck plates in such vessels should be rolled, or slabbed and hammered. 

n shipyards in which an overhead gantry, or other means, are available for handling a hydraulic 
riveting machine on the ships berth, highly efficient work can be done by hydraulically riveting heavy keel 
and garboard plates and centre girder angles. 

In one very large vessel damage was sustained on the bottom through the vessel grounding, but 
although the shell plating was considerably “set up,” the hydraulic riveting in the plating was in such 
a satisfactory condition that the Owners considered it preferable to defer repairs indefinitely rather than 
sacrifice the hydraulic riveting for hand rivetted repairs. 

It is customary to rivet the shell lugs of intercostals in double-bottom tanks to the intercostal plates 
before fitting the shell plates and to avoid the danger of these lugs projecting below the line of frames, it 
is desirable to apply a light ribband to the frames along the line of the intercostals and to adjust the lugs 
to the ribband and rimer out unfair rivet holes where necessary, before riveting them. 

Short lengths of angle section can be used for the same purpose in fairing the top lugs with 
the reverse frame line. 

By erecting widely spaced pillars, then girders (which would be shored to prevent them from 
sagging), then the beams immediately over the pillars (to give lateral support), and, after fairing the 
girder, dropping the intermediate beams into position, a fair line of deck should be assured and 
an economical system of erection adopted. 

In writing this article I have made no attempt to deal comprehensively with the subject of Riveting 
and Plating in Shipbuilding. As my title denotes I have merely set down the “ idle thoughts of an idle 
fellow ” on the practical aspect of riveting and plating as carried on in the shipbuilding yard. Much 
that I have said may be considered platitudinous, and on some points you will probably disagree, but, if I 
succeed in provoking your indulgent criticism, I am sure the amount of available knowledge on 
the subject will be sensibly increased, for no Society of its kind is so rich in the possesion of 
such highly qualified servants as Lloyd’s Register. ‘ 
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DISCUSSION ON MR. R. LANGLAND’S PAPER 


ON 


“SOME NOTES ON PLATING AND RIVETING.” 


Mr. R. Hows. 


I desire to return my thanks to Mr. Langlands for the time he has so usefully spent in preparing 
this paper, and that thanks will, I believe, be twofold on the part of the younger members of the 
Staff, whom we all know are thirsting for practical experience. 

Taking the paper generally, I agree with Mr. Langlands in his statements, and if we differ in 
some so much the better for the discussion. 

We may pass over the workmanship (?) of the war period—there is no use flogging a dead horse, 
but we must come up to the scratch now. 

Regarding template work, { am not in full agreement with the writer. In my experience it is 
generally found that template work is preferable to work “lifted” off the ship; in the latter case the 
human element comes in too strongly—careless reversing of holes causes many a worry. 

I was informed the other day that in Cramps’ Yard, in Philadelphia, the template work amounts 
to 96%; even boss plates are made from template with quite good results, so apparently our workmen 
have something to learn from our Yankee cousins. 

I have never found much trouble with the bevelling in bossed frames, but often in the peak 
framing ; asa last resort it is better to chip the “burr” off the heel of the frame than to leave the 
space hollow in the flange. 

Accurate alignment of holes is very necessary, but the punching of the holes marked should be 
be quite as accurate. I can remember one firm who specialised in template work, and to ensure good 
workmanship marked the frames from battens after erection; the result was not a success, as on 
examination of the * blaes ’ produced by the bear, it was found that very few of the “blaes” bore the 
full chalk mark, in fact, many were 75% off the mark. 

The punching of the material from the faying surface always is a difficult problem. One cannot 
work to the letter of the “ Law”; wherever you have double angle connections you are up against 
the “Law.” 

I am rather surprised that Mr. Langlands did not bring strongly into the limelight the question of 
‘* bolsters ”-—‘* die” is the proper word, but I think that my word, with variations according to the 
port, is better known. 

The rag is an evil, unless in the case of multiple punching, where there is almost no rag. Why 
should this be? If the makers of multiple punching machines can make, stamp and die correctly, 
why cannot the shipyard toolsmith do the same, or has the hand lost its cunning ? 

I was everlastingly looking at the bolsters. Passing by where a plate or bar was being punched, 
you had only to feel the underside of the punched hole to learn if the ‘ bolster” was properly centred ; 
it often was not. Many a punch I have seen stopped when I appeared in sight. Of course, when you 
are not in sight the work goes on merrily until some time later, when a demand to chip rags is made. 

I should like to gather two lots of workmen together and read them the Surveyor’s prayer. I 
refer to erectors and hole borers who rime holes ; erectors are supposed to be shipwrights, and hole borers 
hole borers. The first trouble arises with the erectors’ “ rush,” perhaps piecework and a starving family. 
Then the worthy man with the “ rimer”—the hole may be 63|64ths blind, but that hole borer in his 
zeal pushes on. Mr. Langlands says “not always vertical.” I would say never vertical. 

Countersunk headed rivets should be debarred unless used in a hole prepared for them, and the head 
should project beyond the hole and not be flush with the plate as shown on the diagram. 

I am open to learn how you test these rivets. 


Another rivet which should be debarred from shipbuilding is the rivet known in Scotland as a 
“Lammie” rivet ; it is a cross between a countersunk rivet and something else. 

One speaker has referred to trouble in after peaks. The main trouble I found was in the floors 
above the stern tube. These floors are frequently of a fair length, and the rivets connecting the floor to 
the frames frequently go slack, caused in my opinion by panting and vibration. 

To remedy this defect I have found that fitting a stringer on top of the floors, connected tothe 
shell by a large single angle, in conjunction with a line of intercostals at the centre line the full depth 
of the floors, does much to “ tie up” this part of the vessel. 

Another point I would like to mention is the fitting of the girders and brackets of engine seatings. 
These plates are invariably connected to the tank top by double angles, and care should be taken to get 
the plates fitted hard down on the tank top plating, thereby taking the strain off the rivets. My 
attention was drawn to this matter many years ago, and I appreciated the improvement so much that I 
always impressed the builders with its importance. 

There is little trouble entailed ; one angle should be fitted and thoroughly closed down, the plate 
being then lifted and accurately fitted down to the tank, the remaining angle being then fitted. 


Mr. E. W. Buocksiper. 


Mr. Langlands, in his paper, has brought to our notice several points for interesting discussion. 

Comparisons are made as to the effective value of various methods of riveting. 

The unanimous opinion of shipbuilders and surveyors regards hydraulic riveting as the most 
satisfactory for obtaining the maximum of strength and tightness with a minimum of cost. 

Those surveyors who have had experience with details of structure constructed in the fabricating 
shops and bridge works, will corroborate the foregoing statement as being in accordance with the results 
after water-testing. 

The United States of America could not have accomplished their record output of vessels, if it 
had not been for the general adoption of pneumatic riveting throughout their shipyards. 

There has been a natural hesitation on the part of British shipbuilders to adopt the pneumatic 
system of riveting in their yards, partially as a result of the conservative attitude of the mechanic towards 
all labour-saving devices. One is tempted to speak at some length of the difficulties resulting from the 
use of pneumatic tools by incompetent workmen, but time will not admit. Mr. Langlands has already 
made a careful survey of the subject in this respect, and his statements could be amplified by surveyors 
who have had bs Se in the American yards. However, in the light of that experience and the 
rapidity with which men adapted themselves to the conditions and requirements, one cannot fully agree 
with the remarks of the writer of the paper in paragraphs 14 and 15 on page 8, as to the superiority of 
hand over pneumatic riveting. 

The question of caulking rivets has been left severely alone. It is of interest to note from a paper 
read by Mr. Hugo Frear, at New York, in November last, before the Society of Naval Architects and 
Marine Engineers, that experiments are being carried out in certain vessels now under construction, as to 
the effective value of caulking rivets before water-testing, particularly those in boundary bars to bulk- 
heads which have not been closed by the hydraulic process. It is suggested, if the principle of caulking 
rivets is recognised or permitted, the results would be disastrous to efficient riveting. 


Mr. R. M. McLaren. 


Whilst the greater part of the paper is devoted to riveting, the Author touches also upon framing avd 
plating, recognising that good riveting cannot be expected unless adequate care be taken in these prior 
operations. Framing, I am afraid, in many cases leaves much to be desired, especially now that ribands 
are so largely discarded. 

Special attention is necessary at the margin, as the tendency of the side framing is to drop from its 
position, as erected, on account of its weight. Those builders who drill the holes for attaching the outer 
tank knee to the margin avoid a great deal of rimering and packing of the frames at this part. 
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Mr. Langlands, I am surprised to note, would limit the mould loft plate template work to inside 
strakes. I had thought that with experienced loftsmen the outside strakes, also, could be made from 
templates to give accurate fitting, along the midship body at all events. Working from mould loft 
templates is practised in America, and I believe also on the Continent, on a much wider scale than in this 
country. Shipyard work done on bridge building lines has been very satisfactory. 

The Author does not mention the multiple system of punching now so much in vogue. I have not 
had many opportunities of seeing work done by this means, but I imagine a high degree of accuracy can 
be obtained with an unvarying pitch of holes. 

Will Mr. Langlands give us his opinion as to how much the strength contributed in an ordinary 
joint by friction would be lost were the holes punched as described ? This condition does not arise in the 
landing edges, but in every overlapped butt the surfaces are liable to be kept apart by the presence on one 
surface of rag around the rivet holes. Further, in the butts referred to, the “ die” side of the rivet hole 
in one plate meets the “ punch” side of the hole in the overlapping plate. This condition obtains also in 
the frame holes of the inside strakes. From Mr. Langland’s remarks on riveting it would seem he doubts 
the likelihood of such rivets being so staved up as to fill the holes properly. 

The Author is of opinion that the vibrations set up by the rapid blows of the pneumatic hammer 
must have a loosening effect on the adjacent finished rivets, and my own experience confirms this. 

With regard to the shearing of plates, in my experience, very few builders shear the inside strakes 
from the faying surface. For shearing them the reverse way, the reason given by candid foremen is that 
the rag closes the joint to the surveyor’s testing blade. With mill sheared plates the matter is not one of 
great importance, but too often are the knives of the shipyard shearing machines in need of overhauling, 
and in such circumstances a more or less deep rag is left on the edge. I suspect that many troubles which 
have arisen in the end seams of a vessel are due to inefficient riveting on account of badly sheared plates. 
Perhaps Mr. Langlands will give us his views on this matter too. 

It is unfortunate that the use of hydraulic riveting is so limited in scope, for its efficiency is 
universally acknowledged. Mr. Langlands puts hand riveting before pneumatically hammered rivets. 
Undoubtedly there is less uniformity in the latter, the cause being the varying length of rivets required 
on account of laps, liners, etc., and the difficulty of cutting off surplus material. 

A Dutch shipbuilder informed me recently that in his yard riveting was being done by electric power, 
the points being pushed up somewhat as in the hydraulic system. 

I do not think Mr. Langlands is too liberal in the use of service bolts, especially if pneumatic 
riveting is to be done. American practice used to be to put a bolt in every other hole. 

Badly sheared frames, beams, or the like, destroy the efficiency of the end rivets, and trouble in the 
bracket attachments of longitudinals has been attributed to this cause. 

I agree with Mr. Howie that cross floors above the boss are inefficient stiffeners, especially when the 
form of the vessel is full at the after end. 


Mr, L. H. F. Youna. 


A good deal has been said in this paper on the failure of joints due to slackening of the rivets, 
and, as the Author has pointed out, this slackening may be due to one of two causes, either bad 
workmanship in the first place, or subsequent conditions to which the structure is subjected. 

To take the latter case, the slackening of rivets may be broadly due to three causes, each of which 
has been touched on in various parts of the paper. 

These are :— 

(1) Corrosion due to water, 

(2) Slipping of the faying surfaces where oil is carried, and 

(3) Vibration. 
I should rather like to know if the Author considers that vibration is the principal factor in producing 
slackening of the rivets. 1 should imagine that in the case of the after-peak tank there would be very 
little trouble with rivets if it were not for the vibration caused by the propeller and the steering engine, 
when placed aft, coupled with the stresses introduced by the rudder in high-speed vessels. 

Then again, with regard to engine seatings, these are practically never free from water and oil. 
But here again vibration from the main engines would seem to be the chief cause in producing rivet 


trouble. When the engine seating is raised above the tank top or above the floors in open bottomed 
vessels, it is not usual to fit more than alternate floors with brackets, but it seems to me that such 
transverse stiffening cannot be carried too far. In vessels with light scantlings it is sometimes necessary 
to stay the upper part of the engines to the ship’s side or to the buoyancy space longitudinal bulkhead. 

There is one other part of the structure that I have noticed which sometimes gives trouble in the 
failure of the rivets, and that is the forward end of the bilge keel. This really applies only to vessels 
having fine lines and a large surface of bilge keel. Such vessels are subject to more excessive pitching 
than those with fuller lines. Leaky rivets are usually found where the bilge keel commences between 
two bulkheads. Here the rivets are subject to shearing, due to the vertical thrust of the bilge keel, 
and at the same time to alternating tensile stresses due to the panting of the side plating, which cannot 
altogether be eliminated. 


Mr. J. S. ORMISTON. 


There are one or two points I should like to mention. 

With regard to the Author’s remarks on page 1, relating to the temperature at which rivets should 
be heated and knocked down, it has occurred to me whether rivets are not sometimes knocked down at 
a heat in the region of what is known as the dangerous heat for iron or steel—somewhere, I think, 
about 600° F. This has occurred to me when looking at rivets being heated for hydraulic work. The 
work is being done on the skids, and the rivet heater throws along several rivets—if no one is looking— 
to the riveter, whose attention is at times taken up with some valve of his machine, and the consequence 
is that some of the rivets are riveted up when they appear externally, at any rate, to be far below a 
cherry-red heat. 

These observations, and others, when I have found the poiut of the hydraulic rivet “ squeezed ” 
Bight over to one side, leaving one-half the circumference of the rivet not bearing against the opposite 
side of the hole, incline me to the idea that hydraulic riveting is not perfection, Of course, given 
~ there can be no doubt of the superiority of the hydraulic over other methods of riveting, so far as 

know. 

With reference to Mr. Langland’s sketch (Fig. 5), would he please inform us what kind of 
countersink rivets are referred to there ? 

The Author, on page 7, touches on the strength of transverse members in the engine space of 
longitudinally framed vessels, and gives a sketch of transverses in this neighbourhood which were found 
cracked through. I suppose the Author is referring to oil tank vessels having engines aft. The 
suggested remedy is known, but I am not inclined to think the practice of slotting the transverses is 
inherently a bad one provided the slots are, as I understand they are now usually, cut out clean and not 
rough punched. The practice of cutting all the longitudinals and bracketing them on each side of the 
transverses would tend, I think, to produce a certain amount of “ hinginess”’ in the structure. If there 
is an insufficiency of strength, as the Author seems to indicate there has been, greater depth and 
strength and thickness of web of transverse should be provided, together with some provision in 
the nature of brackets to the longitudinals, say on alternate ones, so as to distribute the sharp straining 
actions which must be experienced at the top and bottom of the arcs of the “pitch” oscillations of the 
vessel, when the directions of the velocities of the masses of the machinery have to be reversed at the 
end of each half period. These actions exist to a specially great degree in the case of vessels with 
machinery aft, and one must remember that, owing to the fact that it is difficult to get the pillar 
support one would like, there is a possibility of unusual deck loads being imposed directly on to these 
transverses, 


Mr. A. W. Jackson. 


Mr. Langlands is evidently not in favour of extensive template work, as his references on pages 4 
and 8 indicate. 

My experience of template work differs from the Author’s, because I have seen the template system 
carried out very extensively with the best of results. 
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With the exception of furnace plates, sketch plates and the bilge strakes, all the shell plating, decks 
and tank top were prepared ready for erection from information obtained from the Moutd Loft, and were 
all punched by the multiple punch, the machine being adjusted to allow for sheer. 

The floor plates, frames and beams were punched from templates. 

I consider the secret of success with template and multiple punch work is that no part of the 
structure should be rigid, before the whole has been faired or regulated. 

Thus riveting in the initial stages must receive careful consideration, and the practice will differ 
from that where ribands are used. 

The only disadvantage of the system is that the whole has to be erected before parts can be fixed, 
consequently an apparent delay occurs at the commencement, which is easily made good afterwards. 

[am rather afraid the arrangement shown in Fig. 1 would not be in favour with piecework skid 
squads, owing to the fine adjustments required. 

The Author is undoubtedly correct as regards hydraulic riveting, but the parts to be riveted require 
to be well closed by bolts, or else the semi-fluid material of the rivet will flow into the cavity between the 
parts not closed, forming a shoulder. 

Pneumatic riveting, like hydraulic riveting, requires well closing before riveting operations are 
commenced, as there is no “draw” as with hand riveting. 

With regard to “ going back ” on rivets, it was found unnecessary in Admiralty work to do this with 
H.T. and H.H.T. rivets, whether riveted by pneumatic or hand. 

On page 7 the Author speaks of “ jamb-back holders-up.” These are quite satisfactory where it is 
possible to get the pole of the jamb in the direction of the axis of the rivet, but their use is not 
restricted to these parts, consequently the direction of pressure being often inclined, causing the head of 
the rivet to be open at the neck. 

The use of a bent “ holder-up ” would obviate this ; these are supplied but not always used. 

Riveting by means of a combination of pneumatic hammer and hydraulic “ holder-up” has proved 
very satisfactory in practice. It is interesting to note that with such an arrangement the method of 
riveting the bottom plating is reversed. Countersunk headed rivets are used, held up by a hydraulic 
‘‘holder-up ” on the outside, and snap riveted on the inside by pneumatic riveter. 


Mr. G. F. Roxgson. 


I much appreciate this paper and the concise form in which it is presented. The Author has set a 
high ideal, which I fear is difficult to attain in these days of rush work. 

The defective riveting found in after peaks is nearly always attributed to the riveter, but it should 
be remembered that he is often left an undesirable legacy by other workmen, which is not easy for him to 
overcome. 

The proper closing of work mentioned in the paper, and illustrated by sketch, cannot receive too 
much attention, as lack of care in this respect is a primary cause in many instances of unsound riveting. 
The -Author refers to bulkheads in insulated vessels; the surveyors at this port have considerable 
experience of these steamers after being in commission, and it has occurred on more than one occasion 
that a very minor leakage of even one rivet in an insulated bulkhead has involved the owners in 
considerable expense and delay, Insulation found saturated on No. 1 tank top has been traced to a 
minor leak at top of the collision bulkhead. 

Great care is required in the first instance when testing, and anything that can be done in the way 
of countersinking and ensuring good workmanship is most essential. 


THe CHATRMAN—Mr, CARNAGHAN. 


The Author has given a lead to the Members of this Association in choosing for his subject one 
which is of common interest, and he is to be congratulated upon the manner in which he has brought 
forward the various causes of defective riveting. 

The importance of good riveting cannot be too often insisted upon, and his notes on the subject 
will be valuable if they cause his colleagues to take a more personal interest in the subject. 


ee 


The title of the paper led one to expect some remarks on the subject of caulking. Certainly, at 
the present stage of workmanship, the latter cannot be dispensed with where tightness of the seam is 
required, but if the preparation of the work and the riveting are of the best, the caulking of the seams 
will only require to be of the slightest. 

Among the means by which good riveting can be obtained might have been added to item 6 
born riveters. 

Whilst hydraulic riveting has proved its worth, especially in oil-tight work, some excellent work 
has been done by means of the pneumatic riveter, whilst hand riveting done by good workmen, as the 
Author states, leaves little to be desired. More service bolts, however, are required in pneumatic than 
in the case of hand or hydraulic riveting in order to ensure good work. 

The Author might ve claimed as an additional proof of the efficiency of hydraulic riveting that, 
in repair work, the riveting which has been done by this means is more difficult, especially in the case 
of three-ply work, to cut out than that done by hand or by the pneumatic riveter, as it is generally 
found that each rivet has filled any inequalities of the punched holes. 


CORRESPONDENCE. 


Mr. J. G. BucHANAN. 


The riveting of the various parts in a vessel’s structure is so commonplace that the importance of its 
being carefully and correctly done is often overlooked, and Mr. Langlands has done well in bringing this 
subject to our notice. 

Differences of opinion there are as regards different practices in yards, and that method, a fairly 
common one, of heating rivets through a punched piece of steel is not a good one. As the Author points 
out, the probability is great that the neck is not heated sufficiently, so that, when the point is hammered 
up, it will not swell and fill the hole completely, also it is, in my opinion, the cause of many rivet heads 
being split, sometimes from the circumference to the neck. The result in watertight work of these 
combined defects is, of course, serious. 

Mr. Langlands’ remarks on the three forms of riveting are noted, and whilst agreeing with his 
statement that hydraulic riveting is undoubtedly the best, I can safely say that pneumatic riveting is the 
least to be desired. The operation of ‘‘ going back ” is more necessary with the pneumatic riveter, and, 
as the Author fears, that operation is often neglected. 

In surveying older vessels the cross tie plates in the after peak are often found quite deeply corroded 
at the toe of the frame, and rivets all loose and the rivet holes oval in form ; it is not uncommon to find 
the plate itself lying in the bottom of the peak. 

The method recommended by the Author for extra strengthening is appreciated, but I think a less 
costly and equally effective one is to fit, at half the depth of the cross tie plate, deep brackets 
perpendicular to the shell and connected thereto with double lugs. 

In my opinion countersink rivets should be more extensively used in watertight work and also all 
watertight divisions should have countersunk holes. 


Mr. A. Urwin. 


Of the three classes of riveting —hydraulic, hand and pneumatic—the latter is undoubtedly the one 
needing the most careful supervision. In this respect the plastering over of the rivet points beyond the 
edges of the countersinking is especially bad from the repairing point of view, as the flattened points are 
often eccentric with the shank of the rivet, and in drilling out the rivets the plates are damaged by the 
“*figure-eight ” holes produced. 

The enormous pressure exerted by the hydraulic riveting machines is of immense value in closing 
work of all kinds, apart from the sound riveting it produces, and experiments have proved that the 


bation of the surfaces as a strength factor is greater for hydraulic riveting than either pneumatic or 
rand, 

With regard to Mr, Langlands’ uncompleted experiments intended for the purpose of estimating the 
value of surface friction of riveted connections, the results obtained by a more fortunate experimenter will 
no doubt be of interest to him. I refer to those obtained by M. Barillon, of the French Navy, who 
investigated this subject and gave the results of a large number of instructive experiments in a paper read 
in 1910 before the Association Technique Maritime. An interesting point brought out was the increase 
of friction due to time, this increase amounting to 50 percent. at the end of six months for work that had 
been allowed to rust by exposure to air and water alternately between tides. 

From experience of vessels undergoing Special Surveys, the riveting which appears to suffer most 
from the conditions met with at sea is that of the fore and after peak tanks, and there is no doubt that 
the extra riveting suggested by Mr. Langlands would greatly reduce this defect so frequently met with. 
It would appear that vessels with very large peak tanks are special sufferers from this complaint, and the 
rapidity with which this loosening of riveted connections can take place was well illustrated in one 
particular case. Owing to labour troubles, a small number of slack rivets in a fore peak tank could not 
be dealt with and bolts were substituted, and the vessel ran in this condition for twelve months, at the end 
of which time practically every rivet in the peak was loose and the working of the rivets in the brackets 
to frames and frames to shell had enlarged a considerable number of the holes to as much as 1} inches. 

The practice of extensive template work and also of heating rivets inserted in a punched piece of 
plate, while calling for more careful supervision by the surveyor, are too well established to deplore, and if 
reasonable care be exercised no serious objection can be taken to them. The advantages obtained by 
template work are more likely to extend its scope, and from reports that have appeared in the Press it 
would appear that other countries are ahead of us in perfecting this proce’s in shipbuilding. 


WEST HARTLEPOOL STAFF. 


The system adopted as regards pneumatic riveting in two yards in this district is as follows, and has 
been found to give very good results. 

Shell riveting.—In place of the “ jambback” commonly used, the “holder-up” uses a pneumatic 
hammer (similar to the one used by the riveter but with the face slightly hollowed) and, at intervals only, 
applies the air pressure while the rivet is being beaten up. This “holding-up” pneumatic hammer 
weighs about 8 lbs. more than the usual holding-up hammer used in ordinary hand shell riveting. ‘The 
reason for the builders giving up the use of the “jambback” was that they did not get satisfactory 
results, but since they adopted the pneumatic hammer for holding-up, it has been found that the riveting 
is uniformly sound and good. 

For tank tops and deck plating.—tIn place of the pneumatic “ jambback,” a long-shafted ordinary 
holding-up hammer is used and this arrangement has been found to give very satisfactory results. 

As Mr. Langlands states, all parts of the structure should be very efficiently bolted together before 
the riveting is commenced, otherwise the riveting will be found to be unsatisfactory. 

In our opinion, pneumatic riveting, when carried out by competent workmen, gives as satisfactory 
results as hand riveting, and is more satisfactory when the rivets used exceed 3” in diameter. 

We are also of opinion that cases of failure in this country, where pneumatic riveting has been tried, 
if investigated, would be found to be due largely to prejudice on the part of the workmen and also to the 
foremen in charge not obtaining the proper appliances for pneumatic riveting for the varying types of 
work found in the different parts of the vessel. 

We are of opinion that if the Author’s suggestion to omit alternate bilge brackets in longitudinally 
framed vessels could be adopted it would assist very considerably in obtaining better riveting and 
caulking at these parts on account of the increased accessibility. 

We endorse all the Author has to say regarding unfair holes in shell, deck and tank top plating, etc. ; 
the only remedy for this unfortunate trouble is to have such holes rimmed and recountersunk, and to be 
sure that no “shoulder” exists at the junction of the plates which would make a corresponding 
“shoulder” on the rivet and thus prevent the “ drawing up” effect which is obtained when the rivet 
cools in plating where the holes are fair. 
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Mr. W. L. Gmmour. 


Good riveting can only be attained when the various parts fay and the various members of the 
structure are accurately adjusted. 

The faying of the surfaces is somewhat interfered with by the rag left on the sections through the 
use of defective shears, and in many cases it is found that rags are left on punched holes, caused by the 
use of worn or defective dies. 

The question of the upkeep of shears, punches and dies is one which in my opinion does not receive 
the attention which it deserves in many shipyards, and I would strongly recommend my colleagues (for 
their own peace of mind) to nip in the bud any defective work due to these causes. 

The accurate adjustment of work is often to some extent interfered with by the use of the 4" 
service bolt (commonly in use) being fitted in holes of larger diameter. This applies in such cases as often 
happen where the plating work is far ahead of the riveting, the vibration set up in the structure by 
the various operations in progress having a tendency to make the plating slip, and thus cause the holes 
not to be in perfect alignment with the resultant use of the rimer. This particularly applies to shell 
plating on the sides of the vessel, and it is a very good plan to get the head foreman plater to arrange for 
about half a dozen cold rivets of the size for which the plates are punched, to be fitted into each plate, 
in addition to the usual service bolts. Better still if he can be persuaded to “tack” each plate with a 
few hot rivets at an early stage. 

In regard to the use of the mould loft template, Mr. Langlands’ remarks are very sweeping, although 
ree justified, taking into account the present general state of shipyard practice. 

would like, however, to state that, in the “N.1” type vessels, which were fabricated by a local firm 
of bridge builders at this port, and erected in an adjacent shipyard, in erection the various parts came 
into perfect alignment, showing what can be done with care and precision in the preparation of the 
various parts. If bridge work methods, both as to upkeep and efficiency of machines and precision in 
marking off, could be introduced into shipyards, a much improved class of work would be the result. 

I thoroughly agree with Mr. Langlands as regards the heating of rivets in a punched piece of steel 
plate, which is the common practice on the north east coast. A rivet to be effectively and efficiently 
‘*staved up” should be uniform in temperature throughout, and the use of the punched steel plate 
militates against this object. 

One subject I would like to draw my colleagues’ attention to in regard to riveting is the question of 
drilled work, in which it is necessary to use plain neck rivets, In all such cases it has been found 
necessary to countersink the holes on the side on which the rivet is knocked down, except in such cases 
where the rivets are snap pointed by the use of the pneumatic or hydraulic riveter. 

I concur in Mr. Langlands’ remarks re stiffening in after peaks, and think the deep flanged floors 
commonly fitted above the stern tube might be replaced with a shallower and stiffer girder efficiently 
connected to the frames with knees above and below, so that a maximum distance between points of 
support should not exceed 6 feet. 


Mr. W. Cowrn. 


The introduction and extended use of pneumatic machine riveting in shipbuilding is without doubt 
a source of much worry to surveyors, but that it can be efficient is beyond question. Hundreds of 
vessels are afloat to-day, and doing good service, in the construction of which no hand-riveting is to be 
found, and the universal adoption of pneumatic riveting is already assured. 

The most important factor for sound and satisfactory work is to have the material efficiently closed 
and bolted. The bolting as shown in my opinion should be the minimum, as no amount of skill on the 
part of the riveter can avail for this omission. 

Next in importance is the method of “holding up.” The “jamb back,” shown in Fig. 13, is 
good, but its use is limited, and in my experience is not so efficient as a pneumatic hammer with a cup 
tool. This can be used anywhere, and tools can be made with an off-set for channels, etc. The snap- 
headed rivet should be used in all pneumatic work. 

In shell work, where neatness ought to be combined with efficiency, a junction piece might be fitted 
to the air hose of the hammer, and a short length of hose led from this for a small hammer carrying a 
chisel, so that any surplus stock may be chipped off before the final finishing of the rivet. A skilled 
pneumatic riveter will force the stock straight down and work over to the left side any surplus; this he 


Ee ee ee ee ee eek 


11 


chips off, and finishes the process with the riveting hammer held at a slight angle, thus cutting the 
edge of the rivet into the countersink of the plate. 

The Author’s contention that pneumatic machine-driven rivets require }d. less stock than hand- 
driven rivets is startling, and surely cannot be general. 

The present day tendency of increased recourse to templating and preparing material from mould 
loft information is probably a scurce of worry, too, in some districts, and no doubt if due care is not 
taken both in the preparation and erection the results can be very unsatisfactory. On the other 
hand, if the method is carefully applied the results can be surprisingly good. I had experience of this 
in America, and in ten vessels not more than a dozen plates had to be condemned on account of unfair 
holes. The apparent failure of this method in some districts is to be regretted, as its admitted 
cheapness, together with accelerated production, will be a factor in the competition which ship- 
builders have to face. 

Mr. G. L. Lyne. 


Mr. Langland’s paper is one which deserves the attention of all concerned with the surveys of 
vessels under construction and repair. 

On page 4 it states the practice of preparing and fitting “skin” plates (only) from templates supplied 
from the loft is preferable to that of preparing and fitting all strakes (‘‘out and in”). In each method 
holes in the beams or tank reverse frames require to be marked from battens,so that they will correspond 
with those of the plates, If the inside strakes fit all right it would appear there is no reason why all 
parallel plates of outside strakes should not fit equally as well. 

The use of pneumatic drills and rimering tools, in my opinion, is in many instances an improvement 
on former methods. In pre-war days the “ drift” and the ‘hole cutter” were brought into frequent 
use for making unfair holes suitable to admit rivets. The “drift”? has a tendency to separate 
thicknesses, and thereby a collar forms on the rivet between them, especially in light work. The 
“hole cutter” often makes the hole of such a formation that no rivet can properly fill it. I would much 
prefer to see unfair holes rimered and recountersunk with pneumatic tools than see “ drifts” and 
“hole cutters ” used. 

The remark ve countersunk headed rivets (Figs. 5 and 6) I agree with, as the fault is not 
uncommon. When countersunk headed rivets are largely used it is an advantage to countersink the 
hole with a drill fitted with a stop so that it can only sink to the required depth in the hole, this 
depth being determined by the size of countersunk headed rivet used. If this is done, little trouble is 
met with in riveting. 

One serious defect in hand riveting which cannot be observed after hammering up is—when the 
rivet is placed in the hole, the point is bent over to one side, and with artful hammering I fear only the 
outside of the hole is filled. 

I doubt if an official ruling on countersinking (see page 8) would be very helpful. Each district 
has its own method, and after all they are generally efficient. I have seen DB. tanks and decks 
(holes of which were not countersunk) tested with very satisfactory results. A punched hole is of 
tapered formation, and with a good point on the rivet no trouble should be experienced. If holes have 
been drilled and not countersunk, it is then a specially good point on the rivet is necessary. 

I endorse the remarks on after peaks. 


Mr. 8. TowNEND. 


With reference to Mr. Langlands’ paper I have looked into the question of the strength of riveted 
joints from the Tables given in the Rules for plating butts in tension as I think this point is not without 
interest. 

The appended Table shows that : 

1. Keel plate butts *36 to °38 thickness of plate with double riveted lap joints have greater rivet 
percentage strength than plate, viz., 76 per cent. to 72 per cent. against 71 per cent. for 
plate. 

Plating °60 to °66 thickness with treble riveting ; rivet strength exceeds plate strength. 
Plating *66 to ‘77 could be treble riveted, giving rivet strength of 80 per cent. to 71 per cent. 
Plating ‘84 to ‘88 could be quadruple riveted instead of double straps treble riveted with rivet 
percentages of 87 to 82. 
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Burts or Piatine ror River Spacrne or 35 Diameters (PLATE STRENGTH = 71 PER CENT.); 
Excerr QUADRUPLE OVERLAPS AND TREBLE RiveTED DovusLe STRAPS WHERE SPACING Is 4 
DIAMETERS (PLATE PERCENTAGE STRENGTH = 75). 


Thickness. Rivet diameter. Plate percentage. Rivet percentage. 


] 
| 
*22 


71 68 double lap. 
“34 


71 


“38 
71 86 treble ., 
48 
71 Som % 


97 quadruple 
87 ” 


,, 108 treble riveted double strap. 


94 


91 


* Keel plate butts ‘36 to 38 treble riveted give rivet percentage 114 to 108. 


The value of a rivet in double shear is taken at 1# times that in single shear ; and the shear stress 
of rivet is assumed to be $3 the tensile stress of plate. } 

In every case in the last column, the flcleds figure corresponds to the thinnest plate between 
the limits, and the variation in percentage corresponds with the variation in thickness. 


Mr. J. Houston. 


Generally speaking I am in agreement with the Author in what he says, but I am inclined to differ 
with him on the lengths of rivets required for pneumatic and hand riveting respectively. 

If pneumatic riveting is well done, in my opinion it requires quite as long a rivet to fill the hole as 
for hand riveting. If the holding up is done by a pneumatic holding-up hammer, then the staving effect 
takes place from both ends of the rivet, if the rivet has been properly heated ; this is certainly more 
satisfactory than rivets held up by the pneumatic “ jamb back” tool, and the rivets might be inferior in 
this case to hand riveting. 

I once had experience on the bottom of a new vessel, of a style of riveting which Mr. Langlands 
does not mention, but which has never been much in vogue. The method employed was to put the 
rivets, which had countersunk heads, in from the outside, when they were held up by hydraulic push on 
holding-up tools, whilst the rivet was put down in the inside in the usual way by pneumatic hammers 
using snap headed cups. When this method of riveting was first proposed, I submitted it to the 
Committee for approval, and after being examined by one of the Society’s Principal Ship Surveyors, 
and reported on by him, it was accepted. I may add, however, that when it came to the testing of the 
D.B. tanks, a large number of the heads had to be caulked, and the method was ultimately discarded, 
partly owing to a labour dispute over it. 

Mr. Langlands mentions the after peak as being the seat of frequent rivet trouble, and the necessity 
of paying particular attention to this part whilst under construction. I should like to draw attention to 
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another portion of the vessel’s structure which requires more attention than formerly, owing to a different 
design of the engine part which it is intended to support, and that is the thrust seating. Practically all 
engines under construction at present are being fitted with Michell patent single collar thrust shafts, and 
the thrust blocks for these have approximately only about one-third of the base length of the 
Multi-collar thrust blocks. 

It follows therefore that the same thrust is transmitted to the hull through very much less steel work, 
and this must be correspondingly stronger. One case came under my notice recently, where trouble had 
arisen in the Michell thrust block seatings through the rivets working loose, and additional stiffening 
had to be worked in. Since that was done the trouble has not repeated itself. 


Mr. T. S. SHuTE. 


The Author is to be heartily congratulated for his most useful paper, and the points raised should 
produce a most interesting discussion. He emphasises quite rightly the importance of every endeavour 
being made to restore the pre-war efficiency of both plating and riveting, and although sound riveting is 
of very great importance, I consider that the quality of the plating should take first ‘place, as the riveter 
is severely handicapped if this department is not properly supervised. 

! am glad the Author draws attention to the abuse of the loft template system, and to the dispensing 
with ribands on shell topsides and decks. In some yards, to expedite the output during the war, special 
gangs of time platers were employed to do the extra screwing up and adjusting, found necessary ; using 
service bolts the full size of the holes; but with a view to economy, these gangs have been recently 
greatly reduced in numbers, and the platers are not quite agreeable to do the screwing up more efficiently 
than before. This difficulty will, I am sure, be overcome in time. In one yard the platers are provided 
with plans showing the number and position of the full sized service bolts which they have to use, so 
there is a clear understanding of what is required before the work is started. 

It is only by mistakes that one learns, and in some cases builders have become so obsessed with the 
loft template system that they have attempted too much with disastrous results, but if this country is to 
retain its position as the first and best shipbuilders of the world, these methods must be developed to the 
fullest extent to compete with the cheap labour in other countries. A vessel recently built under my 
survey had the whole of the shell amidships, with the exception of the bilge strakes, prepared from loft 
templates with the result that some 10 or 12 plates had to be scrapped. Too little care is paid to the 
midship point where the frames turn, and in large vessels with complicated framing this is frequently the 
cause of trouble at that part. 

Too little attention is given to the screwing up of double riveted angle connections. If the service 
bolts are not put into the holes next the heels, so as to ensure the latter being closed when erected, it is 
very difficult and in some cases impossible to close them afterwards, and then the surveyor has to be very 
alert to stop the use of strips of sheet iron being driven in to make the job look close or to stop the heel 
being staved up by the riveter. 

“The punching of plates and sections from the faying surface has been for a considerable time a 
question requiring constant attention, and when multiple punching is adopted the difficulties are greatly 
increased. Quite recently it was found that, instead of turning over the shell plates, the holes in question 
were being punched a size smaller and after these were countersunk on the smooth side, the holes were 
naturally the right size. The presence of the rag however gave the show away. It is argued that with 
the superiority of multiple over hand punching, and the almost entire absence of rag which is usual with 
the former, that there is not the necessity to turn over. 1 am of the opinion, so ‘far as thin plates are 
concerned such as deck, bulkhead and tank top plates, that the idea is worthy of consideration. The 
argument advanced is that the gain of efficiency on account of the accurate punching more than counter- 
balances the loss due to this very slight rag. 

The sketch showing the number of service bolts necessary to close a shell landing is hung an ideal 
arrangement, but I am afraid there would be considerable difficulty in getting workmen to adopt it in any 
yard. 

The method of closing double boss frames, which appears to have given satisfactory results, seems to 
me to require far too careful adjustment to be recommended. It is asking the hydraulic machine to 
perform two operations with the risk of the riveting being unsatisfactory, and it seems to me that a close 
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pitch of service bolts would do more good. Insufficiency of service bolts with hydraulic work is a 
common fault in all yards. 

LT have generally found that a longer rivet is required for pneumatic than hand work, and it is due 
to the blows being delivered more or less vertically, and thus more material is staved into the hole, 
whereas with hand riveting the surplus material is forced to the one side to facilitate cutting off. It 
would be very desirable if pneumatic-riveters used a paring tool for flush work instead of spreading the 
aie) beyond the edge of the countersink, but that is a difficulty which I hope will be overcome in 

ue course. 

I am a strong supporter of pneumatic riveting provided a pneumatic holding-on tool be used, and 
another reason for my conclusion is that in my experience there is greater difficulty in taking out a sound 
pneumatic than a sound hand rivet. 

The “ jamb-back ” or the long shafted holding-on hammer may be more expedient for certain items 
of the structure, but generally speaking the pneumatic tool gives the best results. 

Occasionally it has been found necessary to draw attention to certain malpractices, such as jagging 
the heads of rivets, the use of a bevel face tool on the points when cold, before the tester appears on the 
scene. Also when rivets have to be renewed, it is sometimes found that instead of either drilling or 
knocking off the heads, the points are picked very often to the detriment of the surrounding plate. 
These have to be carefully guarded against. 

The shell rivets in the ends of longitudinal frames in Isherwood vessels have frequently been found 
to be defective when under survey in dry dock, and I think it would be better if the longitudinals were 
always riveted to the shell before the bulkhead connections were dealt with. This is done in some yards. 

I quite agree with the Author as to the need for more strengthening in the after peaks of vessels, 
particularly in large after-peak tanks and one or more web frames would in many cases be desirable. 


Mr. T. SHaw. 


Mr. Langlands’ “idle thoughts” will, I feel sure, cause surveyors “furiously to think,” and, 
| I venture to hope, elicit criticism and further information which should be useful to all of us who are 
engaged in surveying the construction of ships. 

In my experience, slack rivets have only been found in cross tie floors above the shaft when the floor 
plates are not connected to the shell by a stringer plate. Owing to the “shut” bevel, it is very difficult 
to obtain sound riveting in a second frame, and I consider a preferable arrangement is to fit a stringer 
plate at the sides, and where the floors are of considerable length a longitudinal runner angle at the top 
and bottom of the floors at the centre line. 

Mechanical contrivances are sometimes a mixed blessing, and the indiscriminate use of the 
pneumatic rimer is ab present the béfe noire of the surveyor. 

Riveters now insist on practically every hole being rimered, and as the tool is worked from the 
shoulders of two boys, the operation frequently removes part of the countersink, in addition to the 
projections left by unfair punching. The only remedy is to insist on every hole being recountersunk 
where any portion has been removed, and work stopped where these instructions are not carried out, until 
the surveyor has gone over the section ready for riveting. 

Luckily in ship construction there are very few cases where the head of the rivet comes on the 
water side and is exposed to the action of the sea. The weather deck stringer angle is an exception, and 
the laying up of the head should receive special attention, more particularly in well-deck vessels, which 
in rough weather are under considerable hydraulic pressure. A few cracked heads on the under side, 
which cannot be detected except by careful hosing, are sufficient to cause considerable damage to cargo. 
In my opinion bull-headed countersunk rivets laid up on both head and point should be used. 

I agree with all Mr. Langlands’ remarks on hydraulic riveting, and am pleased that he has drawn 
attention to the importance of a minimum depth of the “ snap” in alignment with the shank. 

I do not agree with the remarks and deductions of Mr. Langlands on the respective merits of hand 
and pneumatic riveting, and it is therefore up to me to show just cause for welcoming the adoption of 
the mechanical process. 
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In the first place I agree that rivet points should not extend beyond the circumference in any 
countersunk hole, otherwise the hardening up blows are expended on the plate, and not in solidifying the 
rivet material. 

If a longer rivet is used for hand work, nothing being cut off during the process of hammering up, 
and the same amount of material is left above the surface of the plate, as against a shorter rivet knocked 
down by pneumatic, then the hand work must be better staved or the head is not so well laid up. 

In this district (Wear) when the diameter is above 1 inch, slightly longer rivets are used for the 
pneumatic process than the hand ; in all other instances the same length is used for both systems. 

The misuse of the hammer applies equally to pneumatic and hand riveting. 

I fail to see why the detection of a slack rivet is more difficult in one process than the other. 

With regard to the number of defective rivets, the rivet testers in this district have informed me 
that the proportion is 1 to 15 in favour of the pneumatic process. 

I have timed quite a number of squads, and find that when no paring is done, the time taken for 
? inch and { inch diameter is practically the same for both processes, for 1 inch and above the time 
stated by Mr. Langlands agrees with my observations. 

“Going back”’ is essential in both operations ; in two-ply work up to 3 inch diameter twois sufficient ; 
in all three-ply work three is the general practice, and with 1 inch diameter it is advisable to go back four. 

With regard to air pressure on pneumatic work, experiments were carried out in different parts of 
the United Kingdom, before the trade union minimum was fixed at 90 lbs. per square inch. 

The experiments revealed the fact that $inch diameter rivets could be efficiently knocked down with 
40 Ibs. per square inch, the time taken for 10 rivets being 5} minutes at 40 Ibs., and three minutes at 
85 lbs. ; 90 Ibs. was eventually agreed upon as being equitable both for the monetary interests of the 
workmen and efficiency. 

One distinct point in favour of the pneumatic process is that an adaptable workman can turn out 
first-class work in one to three weeks, as against three years for hand work. 

The only cases of failure which have come under my notice have occurred when the holding up was 
attempted by manual labour with a short shafted hammer and the knocking down by pneumatic hammer, 
This practice was only attempted for a very short time, as the work was totally unsatisfactory. 

In my opinion, hand riveting is preferable to pneumatic on plates with double set, or considerable 
spring due to their shape, and have to be finally set to their respective positions by screwing up pressure. 

The advantage in hand riveting in these cases is, that after the rivet is held in the hole by staving 
one workman closes the work by blows on the plate concurrently with the staving blows of the second 
man on the rivet. With the pneumatic tool the staving and closing cannot be done concurrently, 

If the best tools and methods are employed, .¢., a “set back” supporting the “jamb back” (the 
jamb back has two actions, the closing and subsequent “ pom pom,” actuated by separate triggers), the 
riveting hammer whenever possible be held by mechanical means such as “ Phorson” or other similar 
arrangement, the work be properly screwed up and ordinary care taken in manipulating the tools, 
I unhesitatingly cast my vote in favour of pneumatic work in preference to hand. 

Ihave to thank Mr. Langlands for the opportunity of discussing some of the important points 
raised in his paper. 


Mr. A. Pickworru. 


I can endorse Mr, Langlands’ remarks regarding the use of moulding loft templates, although I 
consider that in the future we shall find sound and expeditious work resulting from a more extensive 
use of the system. In this connection it is important to note that the inferior work attributable to the 
use of moulding loft templates is not due to the system, which is scientific and exact, but to its faulty 
application. In the establishment where I received my early training loft templates were used much 
more extensively than in neighbouring works. Whenever the system was extended the resulting work 
was examined carefully, and any defects found were invariably traced to faulty “fairing up” of the 
structure by the shipwrights. 

More often than not there is a considerable variation, and adjustments have to be made to ensure 
that the shell plates as ordered will work in. Yet in a yard where the ship was faired with care in view 
of the use of the loft template system, I have seen the landing edges correspond with those from the 
boards so exactly that the jointer holes could have been punched in the frames with certainty. 
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In templated decks a fruitful source of trouble, in my opinion, is the joggling of the beams. 
A joggled beam is rarely fair in the fore-and-aft direction ; the line of holes for the deck plating is far 
from being straight across the vessel, and the unfairness which is usually at a maximum in way of the 
joggles is often accentuated when the beam is in the slings. The sharp nature of the unfairness 
prevents the holes being coaxed into agreement with the straight line of beam holes on a loft 
templated plate, and rimering becomes necessary. 

Mr. Langlands mentions the importance of removing the rag from the sheared ends of sections 
so that the work may be properly closed and the strength factor of surface friction utilised. The 
removal of this rag assumes greater importance in oil-tight work, and in one case under my 
notice rotating wheels of abrasive material have been installed, and the men instructed to remove 
the rag from all bracket connections, etc., by means of them. 

It is to be regretted that Mr. Langlands’ attempt to evaluate surface friction experimentally was 
spoiled by a workman. 

The foltowing results of some experiments on frictional resistance of riveted joints, which were 
carried out at Pembroke and given to me by Professor Welch, may prove of interest. 

As the mean of a large number of experiments, the average frictional resistance per rivet when pul 
in by hand was found to be as given below :— 


1" Rivets, 3/4" Rivets. 
With snap head and point ... .. 64 tons ... 4°72 tons. 
> pan head and boiler point ... 7°36 ,, ... 452 ,, 
os ‘ » countersink point 8°55 ,, .. 6°25 ,, 
» countersink head and point ... 9°04 ,,  «.. 495 ,, 
In the case of machine rivets (hydraulic) :— 
With snap heads and points... ».. 96tons ... 5°9 tons. 


The results indicate the superiority of machine riveting in this respect, and also the efficiency 
of the rivet most commonly used in shipbuilding, viz., the pan head and countersink point rivet. 

Blaine, in his work on Hydraulic Machinery, states the following resistances (experimentally 
determined) may be relied on for a joint consisting of not fewer than three rivets, and, as one would 
expect, the superiority of hydraulic riveting is again demonstrated. 


Frictional Resistance to Sliding. 


imit of elastici ‘ sistance per square inch 
aibtat terol teeraesh Method of riveting. Temperature at which the Be of enotiodl of rivet 
per square inch. | rivet is closed. to be sheared. 
Tons. 
11°4 iron Hand Bright Red Heat 25 tons 
140 ” ” ” FO 5, 
14s xg Hydraulic White Heat Sd gs 
LaOe 55 a i SIA0 ¥ 
14:0 steel Hand Bright Red Heat 2°85 ,, 
14°6 . ” ” b; ty? <a 
FC pe Hydraulic White Heat Pe 
146 ,, a 3 | ae 


In regard to pneumatic riveting, I had the privilege a few years ago of being allowed to watch 
some experiments which were being carried out. 

Two plates had rows of ten holes punched across them, and the holes in one plate were countersunk. 
The plates were bolted together with service bolts, and were fixed to a ship in frame in order that the work 
of riveting might be carried out under working conditions. An ordinary pneumatic hammer was used 
and the workmen were chosen at random. ‘The top row of rivets was completed, the air pressure being 
85 Ibs. per square inch. The air pressure was then reduced and another row completed, and so on, 
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until finally the last row was knocked down with an air pressure of only 40 lbs. per square inch. The 
times taken to complete each row were recorded in order to prove that the trade union minimum limit 
of pressure was unreasonable, and they did not vary to any great extent, nor did they show that the 
low pressures resulted in slower work. 

Naturally I was more concerned with the quality of the riveting. After the riveting was completed 
the plates were removed from the vessel and placed so as to form the lid of a watertight box, having a 
watertight jointing around the top edge, and were securely clamped into position. The box was then 
filled with water and the pressure increased until a final pressure of 55 lbs. per square inch was reached. 
At all pressures the test on the rivets was entirely satisfactory. 

The pneumatic process is quicker than hand riveting, and enables the rivet point to be formed 
and finished while the material is at a higher temperature, and it is therefore reasonable to expect 
that the extra contraction, due to the rivets cooling through a longer range of temperature, will produce 
a beneficial effect in closing the work and so increase the frictional resistance of the joint. 

In regard to hydraulic riveting, | quite agree there isa tendency to remove the machine from 
the rivet too soon, but for a further reason than that given by Mr. Langlands. When the hydraulic 
machine is allowed to exert its pressure on a rivet and the closing together of the cups is apparently 
finished, a second closing movement is discernible, especially in the case of large rivets, and should the 
machine be removed too quickly the advantage of this second nip is lost. In some yards and boiler 
shops the hydraulic riveting machines are fitted with an automatic valve which prevents the machine 
from being released from the rivet until this second squeezing is effected. 

In connection with the remarks on screwing up the work with service bolts, it is not always 
realised that its successful accomplishment is essential to the attainment of efficient riveting. Should 
the caulking of a leaky rivet cause the next rivet, which up to that time had been watertight, to leak, 
and further caulking of the second rivet results in leakage at the third and so on, it is a sure sign of 
inefficient screwing up. The caulked rivets are being drawn and the closing of the surfaces (which 
should have been done by screwing up and not by caulking), is the cause of slackening further rivets. 


MEETING OF NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF ASSOCIATION. 
Discussion oN Mr. R. LANGLANDS’ Paper on “Some Nores on PLATING AND RIVETING.” 


Thursday 17th February, 1921. 


Mr. R. Lee ANNEAR occupied the chair and there was a large attendance of members. 


Mr. R. W. AUSTIN. 


I have read Mr. Langlands’ paper with much pleasure, and think he deserves our best thanks for 
writing it. 

With regard to the methods of riveting—hand, pneumatic, and hydraulic—I may say that where it is 
possible I think hydraulic riveting gives the best results. I always like, where the size of the rivets 
is large, to see a time arrangement fitted to ensure that the pressure is maintained on the rivet sufficiently 
long to let the metal get set. Otherwise if the plates are not quite close the rivet is apt to draw and not 
tightly fill the rivet hole. I have found that good riveting always results from keeping the pressure on 
the rivet as many seconds as there are sixteenths of an inch in the diameter of the rivet. In small rivets 
this approximate rule may be too long, but if carried out it will ensure good work. For pneumatic 
riveting I have no predilection, I do not think it so satisfactory as hand riveting. 

In many cases rivets are in positions which require discrimination in knocking them down and with 
good hand riveters, this I think, can be better attained than with the pattering blows of a pneumatic 
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hammer. There is, however, one thing essential to all forms of riveting to make it quite successful, and 
that is the exercising of care in removing slag or scale from the rivet before it is inserted in the hole. 


Mr. J. Hopason. 


With regard to pneumatic riveting one of the chief causes of defects, in my opinion, is the use of 
rivets which are too long, most of the energy of the hammer blows being wasted in flattening out a point 
which it is inconvenient to chip or pare off. 

To obtain the maximum staving effect the rivets should be as short as possible consistent with an 
efficient finished point. 

This condition in my opinion can never be obtained so long as the required length of rivet is 
indiscriminately guessed at by the riveters themselves as is now usually the case. In one instance, I have 
suggested that the foreman should see that the correct length of rivet is supplied to each pneumatic job, 
this has resulted in fewer “ splash” points and better rivets. 

A further condition in my opinion for efficient pneumatic riveting is the necessity for picked work- 
men of good physical strength capable of withstanding the fatigue resulting from continual operation of 
the pneumatic hammer. 

With reference to the Author’s remarks regarding the strength and frictional resistance of riveted 
joints, the importance of properly closed work cannot be too strongly emphasised because the design of 
riveted joints nowadays is not so much based upon the theoretical breaking strength of the joint as 
upon the assumption that, given sufficient rivet power, the frictional resistance is greater than, and able 
to withstand, any safe working stress likely to come upon the parts affected, in other words, within 
working limits the riveted joint should behave like a solid plate. 

Regarding Mr. Langlands’ remark on page 7, with reference to the loosening of the rivets in the end 
connections of the longitudinal beams nearest the shell in oil vessels, 1 think that it is not surprising 
that the weakness shows itself first in this vicinity since it might be expected that the longitudinal 
stresses sustained over the deck are greatest towards the sides. 


Mr. G. L. Brown. 


I do not agree with the paper in its statement that hand riveting is essentially better than pneumatic, 
and that this is proved by the fact that a longer rivet is used for hand riveting than for pneumatic 
riveting. 

The reverse of this is true in some Yards—a rivet } in. or 45; in. longer is used for pneumatic rivet- 
ing than for hand, and both hammer and water tests prove its general superiority. This has been 
attained, of course, only by special screwing up and the training of young riveters to the use of the tool. 
It is, as Mr. Langlands points out, essential that a flat faced hammer be used and that the blows should 
be directed square on the centre of the point until the rivet is “staved.” When this is done the finishing 
of the point round its circumference can be finished. ‘ Going back ” is essential but frequently omitted. 
Pneumatic riveting has come to stay and will ultimately oust hand riveting. It behoves Shipyard 
Officials and Surveyors to see that thie tool is used to the best advantage. I see no objection to the use 
of pan headed rivets with swelled necks for hydraulic riveting, countersunk both ends. I have had 
comparative experiments made with these rivets and with countersunk head rivets and the results were 
very good in both cases, the holes being absolutely filled. The pan head also makes it easy to direct the 
tool and to give it a grip from which it cannot slip. 

The prevention of excessive numbers of rivets being closed in one batch by the hydraulic machine is 
difficult. Three rivets are considered enough where double countersunks are used in oiltight work. Six 
in non-watertight work, but I have frequently found six in the first case and ten in the second being 
closed in one batch. ; 

The question of rivet material is not discussed in the paper. Steel rivets are nominally at least— 
little used in merchant shipbuilding. Trades Union prices are in the way. 
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I am of opinion that mild steel rivets are much superior, and that iron rivets unless made of very 
special quality are frequently part “ necked” in the cooling. 


Mr. G. Gray. 


So far as I can see the most frequent causes of bad work in riveting are that the plating has not 
been properly screwed up and that the holder-on has not done his work properly. 

In connection with pneumatic riveting I think that the blows are delivered so rapidly that the 
necessary weight cannot be behind the blow. 

I am of opinion that more satisfactory riveting would be obtained if “screwing-up ” squads went 
ahead of the riveters and had the work properly screwed up for them. 

Some attention might have been given in the paper to that modern machine, the multiple punch, 
and possibly the author will favour us with some remarks on this. 


Mr. T. Frevp. 


I have frequently observed that the number of rivets in lap joints of girders and other parts is low 
in proportion to the strength of the plates, 40 per cent. of the strength of the plate or less, and although 
we may allow something for wastage of the plates and not of the rivets, still I think there are often 
too few rivets. I have noticed the same thing happen in repair work, as for instance, fitting with very 
few rivets, heavy plates to compensate for loss of tank top. 

With regard to steel versus iron rivets I have found that where there is no undue cooling of the 
rivets, steel rivets give good results, but in ship work I think good iron rivets are the best, and even in 
boiler repairs it is considered best to use Lowmoor iron rivets instead of steel on account of the difficulty 
of getting the latter in place without cooling. 


Mr. H. C. T. IREvanp. 


Good and efficient riveting can only be obtained in the way the author points out, and as regards 
the statement that rivets must be of correct length and form to suit the holes, difficulty will always be 
experienced on account of the great number of unfair holes (due to the carelessness of the platers) 
having to be rimered out and where necessary recountersunk, the squad of riveters not taking sufficient 
care to find out how much the holes have been altered, and using the ordinary rivet allotted for a fair hole. 

The weight of the hammer used depends on the physical strength of the man behind it. 

I am of opinion that it requires a longer rivet for pneumatic riveting than for hand, and although 
the time taken to knock down a rivet by the machine is less than that taken by hand, there is a consider- 
ably greater number of knocks with the machine in the less time. It is possible by hand to make a short 
rivet appear to fill up the countersink, but impossible to do so with the machine, as in attempting to do 
so the plate round the rivet is mutilated and shows up very distinctly a bad rivet. 

A great fault with the pneumatic riveting is that, if the rivet is too long, you obtain a very full 
rivet point, as shown in figure 11. The only successful way is to knock down the rivet to one side in a 
similar manner as done by hand and then chip off the surplus by another machine, which is very 
expensive. 

Pneumatic riveting, if carefully carried out, is in my opinion quite sound and efficient, but entirely 
depends on the man behind the “gun,” and can be used in a greater number of parts of the vessel than 
the hydraulic machine. 

In all riveting greater care should be taken to ensure the remoyal of all “ rags” from the material 
to be riveted together. 


Mr. A. R. SNEppoN. 


Regarding the means given by the author by which good riveting can be obtained, I quite agree 
with all he says, and as regards the punching of plates or sections from the faying surface, this is required 
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by the Rules. In the case, however, of, say, vertically plated bulkheads, where stiffeners are fitted on the 
seams, there is the stiffener fitting against the plate on the opposite side from which it has been punched, 
and my point is that special attention should be paid to the “ dies” of the punching machine to see that 
no “ burr” is left on the holes after punching, as if these holes are not “ clean” punched the bar will not 
lie close to the plates, as is necessary for satisfactory riveting. 

The same thing applies also in frames, beams, and in many other places where, if there is a “burr” 
on the holes, the head of the rivet will not fit close up; and no amount of hammering up the head by the 
holder-on will force the head up if the “ burr ” is excessive. 

In my opinion clean punching and screwing up are two ‘of the most important things to ensure 
satisfactory riveting. 

Regarding the * rag’’ that is left on bars which have been cut by the shears, as Mr, Langlands says, 
it is very necessary that this should be removed. This also applies to the “rag ” that is left on angle bars 
and other sections cut at the rolling mills, which is, in some cases, excessive, and where bars are fitted, 
such as reverse bars on top of floors, without requiring to be cut at the shipyard, it is necessary to have 
this “rag” removed before fitting the tank-top plating. 

With regard to the practice of heating rivets in a punched piece of plate, if the rivets referred to are 
pan-headed there should be no cavity under the head, as the “ swelled neck” fills the hole in the plate or 
frame, and it is not necessary to heat the head to the extent that is required for the point. If counter- 
sunk-headed rivets are referred to, of course if the head is not heated properly, and there is any cavity 
under it, the work will not be satisfactory ; but seeing the proportion of countersunk-headed rivets is so 
very small, in comparison to the number of pan-headed rivets, in a cargo steamer, | would not say that 
the method of heating rivets in a punched piece of plate is not a good one. 

There is no doubt, as stated in the paper, that of the three forms of riveting, hydraulic is the best ; 
but it is often found with hydraulic work, say in riveting double-bottom framing, that the work is not 
properly screwed up before riveting is begun, due to the bolts being too far apart, and there is a tendency 
for a “neck” to be formed on the rivet, between the plate and bar; care should be taken that a sufficient 
number of bolts are used to thoroughly close the parts before riveting is begun. 

As Mr. Langlands says, there is more irregularity iv the size of the points in pneumatically hammered 
rivets than in hand riveting, but it is hoped that in time this will be improved when the riveters get 
more accustomed to the machines. 

As stated in the paper, one frequently finds loose rivets in the after peaks, and I agree that it would 
be advisable to fit double-riveted shell bars to the plate stringers, as often the rivets in these bars are 
found slack, either in the flange to the shell or to the stringer plate. Some firms here attach the cross- 
tie floors to the frames by double rows of rivets. 

Regarding the countersinking of rivet holes in watertight bulkheads, I do not know that this is 
necessary. 

I know one firm on this river who, some years ago, did not countersink the tank-top plating in 
their vessels, and they had no speciak difficulty in making this tight when testing the tanks. 


Mr. R. Ler ANNEAR. 


One point which seems to be of moment is that the material of which the rivets are made should be 
of such a nature that it will flow readily and without rupture of the surface into the rivet hole. In any 
case, whether the hole be fair or not, there is a greater tendency to rupture the surface of a rivet by 
staving it up than there would be by drawing it out. Hence the material requires careful selection. 
On cooling—no matter how well laid up or how tightly the plates are bound together—the body of the 
rivet will shrink from the hole, This can only be cured by going back over the rivet before it becomes 
stone-cold. In riveting, the first action should always be the setting up of the head by the holder-up. 
If the rivet is distorted by the riveters it is almost impossible subsequently to close the head to the plate. 
This distortion is frequently found in hand-riveting, often in pneumatic-riveting, and only rarely with 
hydraulic work. In plates that have to be moulded to shape, if the holes are punched on the flat plate 
the subsequent rolling stretches the plate, and the holes, though originally marked fair from the template, 
are considerably out of truth. 
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RePLy BY THE AUTHOR. 


I wish to express my thanks to the Members of the Association who have discussed this paper, and 
whether these gentlemen agreed with my opinions or disagreed, they have, in recording the results 
of their experience, added to the sum of our knowledge upon a subject of the greatest importance in 
shipbuilding. 

The task of replying to criticism is not a congenial one in mid-summer, and this must be the excuse 
for my brevity. 

Some of my critics take exception to my strictures on a too general use of the mould loft template, 
and advance the “human element” argument against the “lifting from the ship” system. But whereas 
in the case of “lifted”? work the “human element” is embodied in the plater and his boy, in the case 
of templated work the “human element” is represented by the loftsman and his staff, the plater and the 
erecting shipwright—none of whom I have found infallible—and the greater error is probable from the 
greater number of cooks. 

I quite agree that a certain percentage of “loft template” work is desirable, but from my experience 
(and I have confirmed this by obtaining the opinion of practical workers in some of the leading Tyne 
shipyards) I am of opinion it should be limited to something very much under 96°/.. 

Leaving the whole of the erected parts unriveted until the structure has been faired is unsatisfactory 
from the points of view of economy, the corrosion likely to take place between the faying surfaces, and 
the tendency of the parts to sag. 

Punches and dies (or bolsters) require frequent inspection to ensure their concentricity, their 
immunity from wear, and the correctness of the amount of clearance, if good rivet holes are to be 
attained. 

The subject of the caulking of rivets is often a vexatious one to the a I had occasion to 
object to the number of caulked rivets in the after peak shell plating of a vessel, and pointed out to the 
shipyard manager that about 60°/, of the rivets were caulked. The manager in turn questioned the 
foreman riveter, who denied that 60°/, were caulked. He was sent down to the ship to count them and 
returned triumphantly to tell us that only 50°], were caulked. When I told him even 50°/, was five 
times too many he was quite crestfallen. 

A point worth mentioning is the objectionable practice (which is all too common) of caulking rivets 
with a sharp tool—the plate being thereby caulked do ‘he rivet and damaged in the process. 

Needless to say a rivet should not be caulked to tighten it, but merely to close a “pin hole’? where 
such exists. 

In my opinion vibration is the principal cause of the loosening of rivets—apart from damage 
causes. 

I think it advisable, in cases in which engine seating connecting angles have been removed for 
purposes of repair, to have these bars furnaced before refitting them, in order that oil may be removed 
from the bearing surfaces, any tendency towards slipping being thereby prevented. 

I do not refer to multiple punching, because I have had no first-hand experience of it. At the 
present time only one firm of shipbuilders in the Tyne district use the multiple punch, and only when 
a very large number of plates are required for one part of the structure. 

Foremen and workmen say that the work done by the multiple punch was quite good, and this was 
to be expected when punches and dies were new and in good condition. When they become worn, how- 
ever, one would expect the same “rag” around the rivet holes as occurs with the single punch, but as 
the “rag”? would then be upon the “faying”’ side of the plate in some cases, the defect would be much 
more objectionable. A contributor to the discussion enquires how much I consider the strength of a 
butt is reduced by the absence of surface friction caused by the “rag” on the faying surface. JI am sorry 
I have not figures to estimate the amount, but these could be easily obtained from actual test pieces. 

I believe some shipbuilders prefer to mark off and punch one plate of a number of similar ones, 
stack about a dozen under the marked and punched plate and drill through the stack with an “ Asquith” 
drill. This method is said to be cheaper than multiple punching and gives better holes. 

On page 7 of my paper I referred to the cracking of transverses in way of the longitudinal frame 
slots. The case referred to was one in which the vessel’s engines were fitted aft. I have not known of 
any defect of this nature occurring in amidships transverses. The trouble is, in my opinion, well met by 
the omission of the slots and the fitting of brackets on every longitudinal frame; for these brackets not 
only connect the longitudinals and preserve their continuity of strength, but have also the effect of keeping 
the transverse from moving from its effective plane. 
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In referring to the extensive use of pneumatic drills and rimering tools, my intention was not to 
argue that these implements were in themselves objectionable—rather, I consider that they are a very 
marked improvement upon the “drift” and the “holecutter”—but that they were so handy that care was 
not always taken to make their use unnecessary. 

I quite agree that the pneumatic holding up hammer is preferable to the long-shafted ordinary 
hammer, as the blows of the pneumatic hammer are so rapid that they cannot be met and countered by 
the rebound of the common hammer. 

In arriving at my opinion of the comparative values of hand and pneumatic riveting, I was 
influenced to a certain extent by the results of the water-testing of tanks, and comparing those which I 
knew to be hand riveted with others which were pneumatic riveted, I found less caulking of rivets was 
eee in the former than in the latter. This is, after all, one of the most conclusive proofs of the 
pudding. 

The results given by one of the contributors to the discussion, of experiments carried out at 
Pembroke on the frictional resistance of riveted joints are interesting and would be of still greater value 
if the results of pneumatically riveted joints were added. 

I have read the printed report of the discussion with very great interest, and am better informed 
upon the subject after reading it. 

Favourable comment is gratifying to the writer, adverse criticism is stimulating. 


R. LANGLANDS. 
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DRIFTING AND TRAWLING. 


INTRODUCTION. 


The recent War brought prominently before the notice of the general public the importance to Great 
Britain of Drifters and Trawlers. Much has been written about the heroism and self-sacrifice of the 
British fishermen and their loyalty and untiring vigilance contributed in no small measure to the ability 
of the nation to continue in the struggle. Their efforts, however, would not have been so successful had 
not the vessels in which they lived and fought been developed into craft of most extraordinar 
seaworthiness. Given adequate sea-room and a well found vessel, no trawler or drifter skipper ‘“ worth 
his salt” would make for port to escape a storm; but fishing operations would be temporarily suspended, 
hatches battened down and the storm ridden out, and the men would welcome the rest. 

The objects of this paper are to describe briefly the history and nature of the sea-fishing operations 
of Drifting and Trawling, the principal characteristics of the gears and vessels employed and to suggest 
a few improvements which might be made in the structural details of the vessels. 


Hisrory. 


The drift net is of great antiquity. It cannot be said to have been discovered at any particular time 
by any particular person, but seems to have developed gradually and concurrently with the progress of 
civilisation. ‘The trawl net is comparatively a recent development. Its origin can be traced to the Seine 
net which is a more simple form of drag net and which is still used principally on the coasts of Devon 
and Cornwall. 

The earliest. reference to the drift net and drag net is found in the Scriptures. The history of this 
country records nothing definite in respect of the fishing industry until about the 9th Century, but it is 
known that the Phoenicians traded with the Cornishmen and dealt in fish and, in the 7th Century, the 
Abbey of Barking levied taxes on the Yarmouth and Lowestoft fisheries. 

In the 9th Century herring fisheries were established off the coast of Scotland and in the English 
Channel. 

In the 12th Century, certain prohibitions upon the export of herrings drove many Scottish fishermen 
and their vessels to Holland. The Dutch were already great fishermen and possessed large herring fishing 
fleets and the impetus given by the advent of the Scotsmen carried the Dutch far into Northern waters 
and made them masters of the North Sea for very many years. The Dutch also fished for deep sea fish, 
using baited hooks and lines. In the 14th Century the Dutch herring industry had reached such 
dimensions that the English Government encouraged the formation of English fishing companies by 
offering bounties on fish, hoping thereby to oust the Dutch from their control of the North Sea. It was 
not, however, until the 18th Century, when the successive wars indulged in by the Dutch weakened their 
sea fishing activities that the herring industry passed largely into the hands of the British, with whom 
it has since remained. 

In the 17th Century Harwich had a large fleet of “liners” fitted with wells for bringing the fish 
to port alive, and in the 18th Century these vessels commenced to fish on the Dogger Bank. The size of 
these vessels rarely exceeded 40-45 feet in length. 

Up to the middle of the 19th Century the principal method of catching demersal fish was by means 
of the hook and line, but the liners had already Giuahed as far north as the Faroe and Iceland fishing 
grounds. A sudden spurt in increasing the size of the vessels up to 100, 120 and even 130 feet in length 
occurred about the time of the first introduction of steam for propulsion of fishing vessels, é.e., in 1854. 
The first steam driven fishing vessel was a failure and the first successful steam liner was not built until 
1870, but the gradual depletion of the inshore fisheries and the increasing demands for fish made their 
effect felt on the industry and paved the way for the general adoption of trawling. 


It is generally thought that the Dutch who came over with William of Orange introduced trawling 
to this country at the end of the 17th Century. Both the French and the Dutch had used a form of 
trawl net for many years. The net could only be used on a sandy bottom, and Torbay (where William 
landed) was an ideal trawling ground. Trawling commenced in Brixham and Barking, both ports 
claiming the distinction of being the first in this country to use this net. For 100 years the near grounds 
of Torbay and the Thames Estuary enabled the trawler men to satisfy all demands. Torbay then became 
exhausted and the Brixham men were obliged to migrate eastwards. In the beginning of the 19th 
Century Brixham smacks were fishing out of Ramsgate ; in 1828 they were fishing from Harwich, and in 
1835 had fished the Dogger Bank and reached Whitby and Scarborough. 

Tt was usual at this time for vessels to work in fleets under the direction of a fishing “admiral.” 
The catches were carried to port by fast sailing vessels called *‘ Cutters,” thus enabling the fishing vessels 
to remain at sea for longer periods, 

In 1837 a fleet of Brixham smacks working in the Dogger region was overtaken by a gale and 
the vessels were scattered. One skipper on sounding was surprised to find a depth of water much greater 
than usual for that part of the North Sea ; he shot his trawl and on hauling it found it full of the very 
finest quality of soles. Hardly able to credit his good fortune he repeated the operation with the same 
success. He had discovered the Silver Pits near the Dogger Bank. The news of his extraordinary catch 
leaked out and spread rapidly and the impetus given by this discovery established the industry at Hull, 
and later at North Shields and Grimsby. 

About 1860 ice imported from Norway was being used in small quantities for preserving the fish 
whilst in transit. The trade in ice grew rapidly, and it was soon used for preserving the fish on board in 
lieu of placing the fish alive in wells and the welled smack was gradually ousted by the plain sailing 
trawler. 

In 1865 the first steam driven trawler was built in France. In 1868 steam ‘“ Cutters” were 
successfully introduced and in 1875 the Great Fisher Bank was visited. In 1880 a maximum of 1,000 
sailing smacks were registered at Grimsby. The first successful steam trawlers were built at Hull and 
Grimsby in 1882; by 1889 the steam driven trawler was firmly established in spite of the dismal 
prophecies of the fishermen that the propellers would scare away the fish. 

It has been estimated that in 1902 the numbers and activities of the trawlers were such that during 
the course of the year every fishable square yard of the bottom of the North Sea had been twice swept 
over by the trawl] net. 

The number of steam fishing vessels had risen to nearly 3,300 in 1913, whilst the number of first- 
class sailing vessels had fallen from over 8,000 in 1883 to a little over 3,000. 

Trawling had already commenced in Shetland waters when, in 1891, the coasts of Iceland were 
visited: and yielded enormous catches of fish. In the summer of 1905 a Hull skipper proceeded to near 
the entrance of the White Sea and secured great quantities of very fine plaice, iif successful operations 
continued in this region until about 1910. At present the double journey of 3,400 miles is not risked 
unless the condition of the markets warrants it. 

The increasing scarcity of fish in the North Sea in the decade before the war forced the fishermen to 
try new preps and during recent years rapid progress has been made in opening up the Western 
fisheries off Scotland and Ireland, the Bay of Biscay, and the Portuguese and Moroccan coasts. 


FISHERMEN AND FIsuH. 


In certain branches of fishery research, particularly that relating to reproduction, very little was 
known until the commencement of the International Fishery Investigations in 1962. The average 
fishing skipper’s scientific knowledge of fish is small but he is nevertheless an undoubted master of his 
art. His knowledge of the sky and its signs, of the sea, of the depths of the water, of the nature of the 
bottom, of the types of fish and their habits, of the seasons when and places where fish can be caught is 
truly wonderful. This knowledge is gradually acquired after years of toil and is very jealously guarded. 
It forms the “‘ goodwill” of his own personality; it is his stock-in-trade and is never disclosed even, it 
is said, to his own kith and kin. 

It does not require an elaborate process of reasoning to prove that the individual fisherman is prone 
to conservative ideas. What he has found best for himself should be the best for everyone else. The 
fittings which he has found necessary to make his fishing operations successful should not be dispensed 
with for any new fangled ideas and others who make use of such ideas are bound, in his opinion, to fail 
in the end. This conservatism results in different ports having different standards both in the designs 
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of the vessels and in the fittings and fishing equipments, is liable to hinder development and renders 
useless any attempts at general standardisation. This conservatism, on the other hand, naturally 
developed into doggedness and obstinacy during the War and brought out the highest fighting qualities 
in the fisherman ; he considered himself a better seaman than the German and would not be beaten. 


Water covers three-quarters of the earth’s surface and life teems in it. Fish are found close to the 
seashore and in the middle of the ocean three miles below the surface and already comprise nearly 
20,000 known living species. It has been estimated that nearly ten thousand million fish are in the 
North Sea. A ling, of average weight 541bs., lays over 28,000,000 eggs per season ; a cod over 6,000,000, 
anda herring 50,000 eggs. 

In 1885 the German naturalist Hensen found fertilised eggs to the number of nearly 300,000 
millions per square mile in the waters of the Skagerack. Herr Krummel has estimated that during 
February and March there are 67 billions of eggs and larvee in the North Sea. Such figures are difficult 
to grasp and appreciate. Commercial fishes are, however, rarely taken at depths exceeding 300 fathoms, 
and it is curious to note that the abundance of a species of fish is inversely proportional to its number 
of eggs. 

The principles determining the means adopted for the capture of fish depend upon one or more of 
the facts that fish are numerous, voracious, short-sighted and possess unchangeable hereditary instincts. 
Capture may be made by force, by attraction, or by leaving them to be caught by their own action, and 
hence man has evolved the drag net or trawl net for capturing by force those which are short-sighted, 
and which congregate near the bottom of the sea; the drift net for the capture of those which move in 
shoals near the surface, and baited hooks and lines for capturing, by attraction, those which have 
voracious appetites. The capture of fish generally is facilitated by the fact that they congregate. 

Fish may therefore be divided, for the purposes of this paper, into two groups :— 

(a) “ Pelagic” fish, such as herring and mackerel which move principally near the surface of the 
waters and are caught by means of the drift net, and 

(b) “ Demersal” round fish, such as cod and haddock and demersal flat fish such as plaice and 
soles which move on or near the sea bottom and are caught by means of the trawl net. 


Cod and haddock feed on or near the bottom of the sea ; hake and ling are essentially deep water fish. 
These fish generally approach shallower water when about to spawn. 

Turbot, brill, plaice and soles live on the bottom of the sea; the first two feed almost entirely on 
other fish. They lie on or in the sand or mud frequently leaving only their eyes (which are specially 
adapted for the purpose) elevated to watch for food. They move very slowly and in an ungainly manner, 
although plaice, formerly thought to be very sedentary have been found to migrate great distances to spawn. 


Herring, mackerel and pilchards are much more active than the cod or flat fish families. | Mackerel 
move with a rapidity which is almost phenomenal. These fish associate in shoals in incredible numbers 
and appear in certain areas at certain times with a regularity and precision which still remains to be 
satisfactorily explained. On occasions they have been present in such numbers that the sea has appeared 
solid with fish and their presence and progress has been detected and signalled to the fishermen by 
watchers stationed on the cliffs. 


Pelagic fish feed principally upon minute vegetable and animal organisms suspended in the sea water 
and termed “ plankton.” This plankton develops better in cold waters than in warm and this is one 
reason why edible fishes are more plentiful in Northern waters. Plankton is also developed by the inter- 
mingling of currents, by the melting of icebergs, by the draining of rivers and sewage, and by rains. In 
certain localities and at certain times plankton has been found in such great quantities as to merit the 
description—‘a living emulsion.” It is scarcely necessary to say that where plankton is most plentiful, 
there also is fish in great abundance, and if our scientists could discover the secret of the movement and 
development of plankton they would at the same time solve the secrets of the movements of those fish 
which depend upon plankton for their food. 

Cod, haddock, whiting and plaice are found plentifully in Iceland waters and in the North Sea. 
Soles and turbot move about in the South part of the North Sea and are also found off the Portuguese 

Yoast. Ling and hake are found almost exclusively in Southern and Western waters. 

In 1913 nearly 14 million tons of fish were landed in Great Britain, its value being about £15,000,000. 
The number of fishermen, regular and occasional, was just below 100,000 in 1913. In 1920 about 
2 million tons of fish were landed in England and Wales alone, valued at about £21,000,000. 
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FisHinc Grounps AND Ports. Drirr Nrer FIsHrina. 


The principal drift net fishing in this Country is connected with herring. ‘This fish makes its 
appearance in May and June off the Orkneys and Shetlands and Moray Firth, and the vessels are 
based on Lerwick, Wick and Moray Firth ports. The shoals appear successively down the East Coast 
of Scotland and England; Aberdeen, North Shields, Scarborough and Grimsby being the principal ports 
upon which the vessels are based in succession until in October and November the herring season is in 
full swing at Yarmouth and Lowestoft. 

At one time it was thought that the herring massed in the North and had a kind of Grand Parade 
down the East Coast during the summer and, on reaching the Channel, the survivors dispersed to their 
homes in the deeps. This theory is no longer held, as scientists have proved that the fish caught off 
Yarmouth are not the same as those caught off Lerwick, and it is believed that the herring of certain 
areas (not yet defined) congregate to spawn in successioncommencing with the North in May. One theory 
now held is that as the herrings complete spawning they gradually disperse in smaller shoals and keep 
near the sea bottom during the winter. 

After the October and November fishing at Yarmouth most Scottish vessels return to the North to 
refit and repair nets and to carry on a desultory winter herring fishing off the West Coast. A growing 
practice in English ports is, however, to convert such drifters as are suitable into trawlers and use them 
for fishing nearby grounds during the winter months. 

The herring drifter is also used for catching mackerel but not in such large quantities as the herring. 
The mackerel shoals, though quite as dense as herring shoals, are not nearly so extensive, nor is the 
mackerel so much in general demand. 

Mackerel shoals are found off the South Coast of Ireland and South West Coasts of England and 
Wales and, in the summer, they appear in the North Sea. 

Pilchards are smaller than herring, are used mostly for curing for export and are found in shoals off 
the South West Coast of England. The vessels used are small sailing drifters practically all of which, in 
the last 10 years, have been fitted with auxiliary motors. 

British owned drifters proceed to the fishing grounds in the sfternoon and evening of one day and 
return early the following morning with their catches for that day’s market. If the vessel’s catch is 
considered to be too small to warrant the return journey being made, the fish is salted or iced and the 
vessel remains at sea for another night’s fishing. 


FisHing GrounDs AND Ports. TRAWLING. 


In spite of the depletion of fish in the North Sea, it is still the principal fishing ground for trawling 
and its fish are generally considered to be the best. This is probably more due to the fresh condition of 
North Sea fish than to its quality when compared with fish caught in other districts. The principal 
trawling ports for North Sea fishing are, commencing from the North—Aberdeen, North Shields, Hull, 
Grimsby and Lowestoft. The average North Sea trawler reaches the fishing ground in 12 to 24 hours. 

Next in order of importance are the Iceland fishing grounds from which comes nearly 25 per cent. of 
the trawl fish landed in British ports. These grounds are about 1,000 nautical miles from Grimsby, and 
the time taken to reach them is about five days. The only ports landing Iceland fish are—Aberdeen, 
Hull, Grimsby and Fleetwood. 

The West and South-West coasts of Ireland and Scotland come next in importance and provide a 
most lucrative hake fishing. Cod is also caught in considerable quantities. ‘The fishing grounds are not 
extensive and are somewhat scattered ; the principal ports are—Fleetwood, Milford, Swansea and Cardiff. 

Other fishing grounds are round the Faroe Islands, distant 300 miles from Aberdeen ; the Irish 
Sea and English Channel ; the Bay of Biscay, 500 miles from Milford ; and Morocco Coast, 1,200 miles 
from Milford. 

At one time the fishing fraternity averred that fishing operations could not be carried on in depths 
exceeding 80-90 fathoms. The greater power and size of ships and the improved gears now in use 
render it possible to fish at depths approaching 300 fathoms, and have opened up new fishing grounds. 
Whether further development on these lines is possible, is difficult to foresee, as it is generally accepted 
that edible species of fish are not found in paying numbers in depths exceeding 300 fathoms, and 
moreover, fish brought up from depths greater than 400 fathoms generally become so distorted and 
unshapely as to have no marketable value, 
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Tur Trawi Ner. 


As already stated the trawl net has its ancestor in the seine net. The seine net was originally 
worked from the shore without boats. Later, boats were used to give the net a wider sweep. The next 
step was the insertion of a sleeve or pocket in the middle of the net. In the 19th Century the net was 
kept open at the mouth by a wooden beam and a longer pocket was formed and the net was fished from 
a boat near the shore. About the end of the 18th Century the Bretons used a wooden beam with bag net 
attached ; heavy stones were fastened to the foot rope ends ; the net was taken out in a ship and dragged 
to shore in a slanting direction. Im England and France at this time knee pieces were fitted at the 
ends of the beam and the net, in its general features, corresponded in design to the modern beam trawl. 

The mouth of the modern beam trawl is kept open by means of a wooden beam about 40 feet long 
carried on iron skids or runners, known as “ trawl heads,” about four feet above the ground; with few 
exceptions this gear is now used by sailing and motor driven trawlers only. With the advent of the 
more powerful steam trawler a much larger net could be used, but the beam became too long and 
cumbersome and “‘ otter boards” were introduced in 1895 for keeping the mouth of the net open. The 
otter boards” (also called “doors” and ‘trawl boards”’) act on the same principle as kites and are made 
of wood heavily shod with iron (see Fig. 2). They vary in size from 8 to 10 feet long, 4 to 44 feet deep, 
and 24 to 3 inches thick, and the largest weigh about } ton. The boards are attached one at each 
forward corner of the net and are towed in such a manner that they always tend to keep the mouth of 
the net stretched open. The otter boards dance or “shiver” on the sea bottom when being towed and 
are so shaped as to bump over small obstacles. The heavily weighted footrope follows the contours of 
the ground and allows no fish to escape. Each otter board is connected to the trawl winch by specially 
made trawl wires or warps. The power required to tow the otter trawl is about twice that required for 
the beam trawl. 

The top boundary of the mouth of the trawl net (see Fig. 1), called the “‘ headrope,” moves in 
advance of the bottom boundary, called the “* footrope,” and is kept open by the flow of water through 
the trawl. The width of the opening of the net when fishing is probably about two-thirds of the length 
of the headrope. In front of the footrope there is sometimes a rope or chain called a “ tickler,” whose 
function is to tickle, or stir up, the fish—particularly such fish as soles and plaice lying buried in the 
sandy bottom—so that they may rise above the footrope as it is being dragged along. Whilst these fish 
are turning over in their minds what is the canse of the disturbance and their best method of tackling 
it, the top, bottom and sides of the net advance and envelop them. The fish pass beyond a “ flapper” 
in the net and finally lodge in the end of the bag called the “cod end” where they, in company with 
sundry collections of shellfish, seaweed, stones and rubbish, remain until the net is hauled and all its 
contents are let go on to the deck of the trawler. 

The trawl net is shot as soon as the trawler reaches the fishing ground and is towed for a period 
varying from one hour to five at a speed of about 2} to 8 knots. The period of tow naturally depends 
upon the amount of fish being caught; the speed of tow depends upon the nature of the bottom, the 
depth of water, the type of fish to be caught, the type of trawl net, and the set of the tide. Fish 
usually swim against the tide or current and the trawl is therefore generally towed with the tide, and 
greater speed has to be used when fishing for hake and cod than for ground fish, A speed of at least 2 
knots is considered necessary to spread the otter boards. When the net is thought to be full, it is hauled 
up, the cod end is lifted up the mast and the end lashing untied. ‘The contents of the net fall on to the 
deck, the cod end is lashed up and the trawl is shot again. ‘lhe fishermen then proceed to sort, gut, clean 
and wash the fish in the pounds on deck aud to pass them below to be placed on the shelves in the fish 
room, where they are covered with crushed ice. 

Fishing operations extend oyer from 5 to 10 days according to the size of the vessel and the distance 
of the fishing ground from port. The largest types of trawlers are usually absent from port about 21 days. 

A manila footrope suitably served is used when fishing on a sandy bottom, but for fishing on rocky or 
voleanic bottom, large hardwood bobbins (similar to the housewife’s cotton bobbins) with intermediate 
small bobbins are threaded on to the footrope which, in way of same, is made of steel wire. These bobbins 
may be any size up to 2 feet in diameter and 9 to 12 inches wide and may number from 20 to 30. Their 
weight added to the weight of the footrope and adjacent netting renders the trawl unmanageable by hand, 
and in such cases it is usual to fit the vessel with a bobbin’s derrick with blocks and tackle for lifting in 
the footrope. 

In making the trawl net care is taken that the strength of the footrope is such that in the event of 
its catching in an obstacle on the sea bottom it will break before the trawl warps and thus lessen the 


possibility of the loss of all the gear. In most groundropes there are special weak points arranged so as to 
obviate loss when the trawl becomes fast. 

The operation of fishing with the trawl net is briefly as follows :— 

The trawl net is shot, or thrown overboard, cod end first, on the windward side of the vessel. The 
forward trawl board is lowered into the water (see Plate I) and the wire is payed out until the board is 
abreast the after gallows ;- the after board is then lowered and both trawl wires are evenly payed out until 
the net is towing in its proper position on the sea floor (if one wire is payed out more rapidly than its 
partner, the mouth of the net is not kept properly open and inefficient fishing results, or the boards may 
become crossed and the whole trawl may have to be hauled and re-shot, involving considerable waste of 
time and a liberal ebullition of wholesome expletives from the overwrought crew). A messenger hook is 
then passed along the outer wire and the latter is hauled in close to the ship’s side, and, with the inner 
wire, is clipped into a slip hook or “ towing block” during the period of trawling. A preventive chain 
is generally passed round the trawl wires to prevent them rising over the bulwark and riding across the 
stern, and also to prevent them from passing under the counter or dipping in the sea and fouling the 
propeller. When the trawl is down, the brakes are applied to the winch and adjusted so that if the gear 
should strike any obstruction and become wedged the extra strain on the warps will overcome the 
resistance of the brakes end give timely warning that something is amiss. 

When it is time to haul, the wires are released from the preventive chain and towing block and are 
hauled in evenly on the winch until the boards are at their respective gallows, the boards being then held 
in position and the strain taken off the warps by means of dog chains. The ends of the quarter ropes 
connected to the footrope are detached from the boards, passed through the quarter blocks on the casings 
and led to the winch, and the footrope is hauled up over the bulwark. This closes the net. The net is 
then gradually worked over the bulwark by hand until the cod end and contents are alongside (see Plate IT). 
A strop is passed round the cod end and fastened to the fish tackle on foremast ; the cod is lifted over the 
side (see Plate III) and up the mast and contents are emptied out on deck (see Plate TV). Bag ropes are 
fitted at the sides of the vessel to prevent the bag or cod end from swinging as the vessel rolls. The trawl 
net is then shot again as already described. The time taken for the complete operation of hauling and 
shooting varies from 20 to 30 minutes. 


THE TRAWLER AND ITs EQUIPMENT. 


The Brixham smacks, varying from 40 to 45 feet long, were most seaworthy vessels. In fact it was 
in such small vessels as these that many of the early voyages of discovery were made. The beam trawl 
was shot and hauled by means of a hand windlass, Following the rapid increase of length of sailing 
trawlers up to 130 feet in 1890, this hand windlass was displaced by a steam windlass or capstan, steam 
being supplied from a small donkey boiler fitted in the waist of the vessel. 

About 1870 a Grimsby sailing trawler went ashore near the Tyne and was abandoned. The vessel was 
subsequently bought as a wreckand successfully salved by a Tyne man who determined to work the trawler 
himself. In this way, it is said, trawling came to North Shields. About this time the general successful 
introduction of steam in the merchant service resulted in a reduced demand for tugs and these little craft 
were beginning to have a bad time of it when, in 1874, a tug master on the Tyne agreed to tow a sailing 
trawler in relatively calm weather and be paid half the proceeds realised from the sale of the catch. — It 
was found by the tug master that this work was very remunerative and he conceived the idea of equipping 
his little wooden clinker-built paddle tug with the necessary trawl gear and fishing whilst outside the 
mouth of the river waiting fora tow. A 45 feet beam trawl] was used ; the gear was worked by hand capstan 
and took 14 hours to haul and shoot. The fish were stowed on the deck, two fishermen being carried in 
addition to 6 hands. The results were very satisfactory ; occasionally the tug with its trawl down would 
take a trawler in tow at the same time and get the proceeds of its own catch as well as half the proceeds of 
the trawler’s catch and at any moment was free to cast off and take a vessel in tow upthe river. Instances 
such as these proved conclusively the advantage of steam driven vessels over sailing vessels and paved the 
way for the general introduction of steam for propulsion in the fishing fleet. 

The rapid progress made in iron and steel shipbuilding resulted in iron and steel steam driven trawlers 
being built in increasing numbers and from about 1890 onwards sailing smacks were gradually ousted 
from Hull, Grimsby and Aberdeen. The earlier steam driven vessels used the beam trawl. The introduc- 
tion of the otter trawl enabled larger and more powerful vessels to be built and many think that even 
to-day the maximum limit of development has not been reached, 


Sailing smacks are now only found in the ports of Lowestoft, Ramsgate and Brixham and a few Trish 
and West Coast ports where, owing to the cost of coal, it is possible they may remain undisturbed for 
many years to come, 

The modern steam trawler has therefore progressed to its present high state of efficiency through 
comparatively rapid, but steady, stages, and it will perhaps not be considered out of place if a few of the 
prime factors governing the general design of the vessel are referred to. 

The chief characteristic of the modern trawler is the excessive sheer of the vessel forward (see Figures 
3 and 4). This sheer is necessary in order to provide a comparatively dry platform upon which the 
gutting and sorting of the catch is to be carried on. This is further helped im larger vessels by fitting a 
top gallant forecastle (see Plate V) which in some designs houses the crew and in others covers the 
windlass, spare gear and ship’s stores. Against the necessity of having a high and buoyant platform 
forward is the necessity of having a low and steady platform aft so that, when the fishing gear is being 
towed, there will be a minimum vertical movement on the warps which might otherwise jerk the net from 
the ground and lead to uneconomical and inefficient fishing. The vessel therefore has a low sheer aft 
and matters are further assisted by distributing the weights well aft in the ship and finally by adding 
ballast in such quantities and positions as the experience of the skipper may determine. The trawl net 
must be protected from sudden changes in towing speed and therefore from any racing of the propeller, 
and for this purpose the propeller must be well immersed and, as a large propeller is necessary in order to 
provide the requisite power to tow the heavy trawl and to take the vessel rapidly to and from the fishing 
grounds, the vessel is designed with considerable rake of heel amounting in some types to as much as four 
and five feet. 

The question of deadweight carrying capacity is not a critical one in the design of fishing vessels, 
Experience shows that a trawler rarely makes a catch of fish of such quantity that the weight cannot be 
carried (except perhaps on occasions immediately following long rests given to fishing grounds such as 
were brought about by the late War, or when new fishing grounds are discovered). The quantity of fish 
caught generally depends upon the time the trawler can remain fishing, and this, in turn, depends upon 
how long the fish can be kept fresh. Fish will keep a long time when properly iced, but the longer it is 
kept in ice the more rapid will it deteriorate when thawed. In average practice the vessel remains at sea 
7, 14 or 21 days according to the type of vessel and the position of the grounds being fished and very 
rarely catches more than 100 tons of fish. The deadweight capacity of the ship would therefore not 
require to be greater than to carry coal for the round trip together with all stores, gear and ice, and this 
condition is usually the most heavily laden state in which the trawler will be, i.e, when leaving port. 
Displacement consequently is not vital and for this reason, as well as to secure an ample margin of 
stability, the vessel is built with a fine form and with considerable rise of floor amounting from 3 to 
4 feet. 

‘The machinery must be powerful enough for the purposes already indicated. The engines are usually 
triple expansion and the steam is supplied from one single ended cylindrical boiler. Simplicity of con- 
struction, ease of running and handling, responsiveness when manceuvring, and ease of overhauling and 
repair are the keynotes of the design. The average engineer on a trawler is not a highly trained technical 
man. It has been stated in regard to the crews of fishing vessels that the ship’s boy of one trip becomes 
in succeeding trips a fireman, a cook, a deck-hand, an engineer and a second hand. hether this be true 
or not, the men’s training, though hard, is brief and promotion is rapid, and the necessity of having simply 
designed and easily understood machinery is evident. 

When trawling, the general practice is to drive the engines at about 75 per cent. of the revolutions at 
full power. This of course depends in each individual ship upon many circumstances and in some vessels 
on certain trips it becomes necessary to drive the engines at full power during the whole period the trawl 
is down, The vessels generally proceed to the fishing grounds on about ¢ power; on the homeward journey 
frequently every ounce of power is used in order to catch the market. 

Some of the special features of the trawler, apart from special gear, which will be referred to later, 
are a bulb bar keel to take the chafe of fishing gear, etc.; moulding and chafing bars on the shell 
plating to protect the nets and gear from plate landings, etc.; a strong and well supported foremast 
with suitable fittings for taking the tackles for lifting the trawl net and contents (which, on occasions, 
has been known to weigh ten tons) out of the water on to the deck ; acetylene lighting, except for 
Iceland vessels, which are usually fitted with electric lighting ; awnings to cover the fish and ice rooms 
and protect the deck from the heat of the sun whilst the vessel is proceeding to and from the fishing 
grounds ; wood decks to provide a good foothold, and to assist in the insulation and preservation of the 
fish, and a mizzen sail to assist steering and to steady the vessel when trawling. 
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The sides of the fish rooms are insulated in vessels working in warm waters, also generally in vessels 
remaining over ten to twelve days out of port. Those working where the heat of the sun is great have 
the deck insulated as well as the sides. The fish room is divided into pounds and each pound is fitted 
with shelves—the number of shelves depends upon the nature and quality of the fish caught and upon 
the condition it is desired to have it in on landing. 

For purposes of convenience, trawlers may be classified into three principal groups according to 
the grounds usually fished—i.e., vessels fishing :— 

(1) North Sea and all other fishing grounds near port. 
(2) West Coasts of Scotland and Ireland, Bay of Biscay, Morocco Coast and Faroe Islands. 
(8) Iceland and White Sea and all distant fishing grounds. 

A typical North Sea trawler is illustrated in Fig. 8 and Plate VIII. The moulded dimensions 
are 115’ x 22’ x 13’. The trawler is flush decked and has engines of 430 I.HP., a speed of 9 knots, 
a crew of 10, and a water ballast tank under the fish room. 

A typical West Coast or “Hake” Trawler has moulded dimensions 125' x 23/4” x 13/6”, is 
fitted with top gallant forecastle and raised quarter-deck, has engines of 480 I.EP., a speed of 10 knots, 
and carries a crew of 11 men. 

A typical Iceland and White Sea Trawler is illustrated in Fig. 4. The dimensions are :— 
130’ x 23/6” x 18'6”’ moulded; the fish room forward is subdivided to form a reserve bunker and so 
augment the coal capacity, the spare fish rooms being connected to the stokehold by means of a steel 
watertight tunnel built through the permanent bunkers. A top gallant forecastle and raised quarter- 
deck are fitted ; accommodation is provided for 15 hands. The trawler has engines of 600 I.EP., and a 
speed of over 11 knots. Owing to the long arctic nights and severe cold, electric lighting is fitted. 

The period of absence from port ranges as follows :— 


North Sea Trawler ‘ 0 us. 6 to 10 days. 
West Coast ,,  ... at br or ive ate ac Ar One aLBy vi) 
Iceland ALR, di BB in, 184 iy; 


The largest trawlers are owned by the French, who use them for fishing the Newfoundland banks. 
Some of these vessels are 200 feet in length and are fitted with refrigerating plant. 

The most important item of the special equipment of the trawler is the steam trawl winch (see 
Plate VI). The winch is now usually fitted immediately in front of the wheelhouse or chart-room, and 
of necessity must be strongly constructed. The steady pull on the warps when the trawl] is down varies 
from 11 to 18 tons. The winch has two barrels for carrying the trawl wires, which vary in length from 
300 to.1,000 fathoms each, and in size from 2} to 3” circ. Warping drums are fitted for working the 
trawl quarter ropes and the ship’s mooring ropes. 

The trawl wires are led forward to large bollard fairleads (see Plates V and VII) near the foot of 
the mast, and thence to the gallows fairleads at fore and after gallows, and are attached to the trawl 
boards. The gallows are made of inverted U-shaped strong steel frames of H_ section efficiently 
bracketed to deck and stayed to masts and casings. 

When it is appreciated that the trawl net through its wires is restraining the vessel from a speed of 
about 9 knots to 23 knots, and that, the weight of the net when full of fish may possibly be as great as 
10 tons, it can be understood how essential it is that all bollards, fairleads, cleats, pins and other 
fittings connected with the manipulation of the trawl should be soundly constructed and efficiently 
secured, Whilst in service they require constant watching and overhaul; if this is not done disaster 
will come sooner or later. 

A trawler is always passing in and out of port, is at sea in all weathers and at all seasons, is in the 
hands of rough and sometimes untrained men, and in the trade is considered to be worn ont when 
twenty years old. Progressive fishermen-owners usually dispose of their vessels when about ten years old 
and replace with new ones. 

Nor can the life of a fisherman be said to be any happier than the “life” of his vessel. His 
employment is a very hazardous one—-for not only has he to run the risks of storm and shipwreck but 
his catch may often prove to be unremunerative. While on the fishing ground there is but little, if any, 
rest for him ; fishing operations are carried on continuously day and night and if the catches are good 
his time is fully occupied. Yet the men have cheerfully carried on their work in the dark and bitterly 
cold waters off Iceland where for days on end the decks are covered with a film of ice and everything 
around is frozen. 


Plate I|.—Putting the Trawl Board overboard. 


Plate Il.—The Cod End alongside. 


Plate Ill—The Cod End hoisted. 


Plate IV.—Sorting the Fish. 
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Plate V.—Forecastle and Foredeck of West Coast Trawler. 


Plate VIl.—Trawl Winch and Deck Pounds. 
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Plate Vil.—Foredeck of North Sea Trawler. 


Plate VIll._—North Sea Trawler. 
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Toe Drirt Net, 


The drift net is a finely meshed net which is let down vertically in the water at night in the path of 
the fish—the size of the mesh of the net depends upon the fish to be caught and must be very nicely 
calculated in order to be efficient ; the fish swim into the net, are caught by the gills, and cannot get 
either forwards or backwards. The nets drift with the wind, tide or current, and hence the derivation of 
the terms “ drift” net and “ drifter.” 

On steam drifters herring nets are about 23-25 fathoms leng and, when set on the ropes, seven 
fathoms deep. Each vessel carries a “‘ fleet” of about 80 nets, the aggregate length of which is about 
3,000 yards. The nets are joined end to end. The top side of each net is bounded by a light corked 
headline and the bottom side by a light footrope. Pallets (skin or canvas bags filled with air) are 
attached to the headline at intervals. The footrope is fastened by three-fathom strops to a strong warp 
running the full length of the “fleet.” This warp is necessary as the headline and footrope are not 
sufficiently strong to support the strain and, also, if a ‘ fleet” is cut through the nets beyond the break 
are not lost. 

On reaching the fishing ground the fleet of nets is shot before the wind. The warp is led up on 
deck, the first net is bent on and the whole is passed gradually over the side. A small buoy with staff 
and flag or light is attached to the end of the first net. The top of the net is kept at the required 
distance below the surface of the water by adjusting the length of the strops connecting the headline 
and the pallets, When all the nets have been bent on and passed overboard the end of the warp is made 
fast and the drifter lays to. 

At a certain hour, which is determined by the time the vessel must be back in port with the catch, 
the hauling of the nets is commenced. If a shoal “strikes” before the hour for hauling has come, no 
time must be lost and the nets must be hauled in as quickly as possible. The process of “hauling” is 
the reverse of “shooting” the nets. They are pulled in over a net roller shipped in the rail abreast the 
fish hold and are detached from the warp which is passed round the capstan and below to the rope 
room. Such fish as are readily shaken free of the net are allowed to drop on the deck and are passed 
through scuttles to the pounds below, the nets being stowed in the centre of the fish room. On the 
journey home the nets are carefully turned over, “ cleaned,” and all remaining fish removed. 

If the fish “strike” in large quantities the hauling of the nets requires considerable skill, and if the 
shoal be dense or extensive it may become necessary to cut away a portion of the nets. Occasions are 
known when the fish have struck in such masses and with such rapidity that all the nets have been torn 
away and carried straight to the bottom of the sea. 

Some impression of the enormous numbers of fish which are occasionally obtained can be formed by 
the fact that in October, 1912, one drifter out of Yarmouth caught 320,000 herring in one haul. 


Tuer DRIFTER. 


Drift net fishing was in the early years carried on by small wooden sailing vessels fishing in local 
waters and disposing of their catches in the locality. With increased transport facilities, particularly in 
overseas transport, an export trade grew up with foreign countries and commercial enterprise turned its 
attention to the ‘ massed” catching and curing of herrings. 

The peculiar and regular movement of the enormous herring shoals was taken advantage of and 
large fleets of wooden sailing herring drifters were built in Scottish ports. The herrings were landed, 
gutted, cured, packed and exported all over the world but particularly to Russia and Germany. With the 
introduction of the marine steam engine about 1897, the sailings and arrivals of the vessels were assured, 
independently of calm weather, and materially added to the rapid development of the industry. Steel 
hulls were not introduced into drifter building until about 1901, and, owing to the fact that the 
nature of the employment of the drifter is such that development in size is not necessary, it is probable 
that wooden construction will hold its own. Steel drifter building was introduced at Aberdeen and some 
English ports before the war and adopted at Lowestoft during the war. 

; Prior to the war, the internal combustion engine was being introduced extensively in small sailing 
drifters and paraffin engines were being installed in large numbers of the Scotch herring sailing drifters so as 
to place them in a better competitive position with the steam drifter. 

Many of the points governing the design of the drifter are the same as those influencing the design 
of the trawler. Considerable sheer forward, great rise of floor, a raking keel, simply constructed 
machinery of sufficient power to take the vessel rapidly to and from the fishing ground, a bulb bar keel 
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and wood decks are the chief characteristics. The drift net is a very fragile apparatus, and great care is 
taken that all sharp edges and projections in the hull structure are eliminated or protected. The fish room 
is fitted with pounds and shelves in the wings and with a large hatchway and platform in the centre. 
Modern steam herring drifters do not vary much in size. A standard type, illustrated in Fig. 5, is 
86 feet long, has engines of 280 I.EP., a speed of 8 knots, flush upper deck, and carries a crew of 9 hands. 
The principal equipment of the drifter is the steam capstan fitted near the foremast and used for 
hauling in the warps. 


DISposAL OF FIsH. 


Fish is sold by auction at the place of landing. Fish buyers, acting upon advices received from 
clients, retailers and customers all over the country, buy accordingly and pack and despatch the fish. Much 
of the fish sold on the fish quay is packed up and sent to Billingsgate to fetch what price it may. 

The fish trade in recent times has been much affected by poor transport facilities particularly when 
dealing with gluts of fish and considerable loss, both of food and money, has been caused. It is estimated 
officially that over 500,000 mackerel were last season thrown overboard owing to the inability to get it 
transported to inland markets. 


SuGGESTED TECHNICAL IMPROVEMENTS. 


Until very recent times, during which large fishing combines have been formed, fishing vessels were 
mostly individually owned. The skipper usually held a large share in his vessel and, indeed, if he did not, 
his power and ability often put him on almost an equal footing with the owner. It is not to be wondered 
at then that each skipper, or owner, should have particular ideas as to the way his vessel should be built 
and equipped. Individual skippers’ ideas vary, and no two skippers have their vessels equipped identically, 
in fact the vessels must not be alike. It should be remembered that the detailed working of the fishing 
gear is not the same with each skipper and variations on this account are necessary and must be conceded, 

The objects of this section are however not to suggest any improvements in the general design or 
fishing equipment of the vessels, but to suggest improvements or ideas which may tend to greater safety 
both of ship and human life, and which will probably result in less liability to damage and lower costs 
for repairs. 

sna of the suggestions are obvious in the shipbuilding industry but, strange to say, they have not 
been generally adopted in the vessels which have come before the notice of the writers. 

Despite the reports of huge profits made from fishing, and the phenomenal catches made from time to 
time, it is true that the average profit per vessel per annum is not greater than would be expected from 
any sound commercial undertaking. An astute manager of a few ships may doexceptionally well, but the 
average owner has frequently to rely on the last trip of the year for his profit. The trawler owner con- 
sequently must insist on a strong reliable ship in which the possibility of damage has been anticipated as 
far as practicable by the ship designer and the engineer. 

The enforced laying up of his vessel for repairs at inconvenient times will involve the owner in 
considerable financial loss and may easily bring financial collapse. Moreover, he cannot spare more than a 
few hours in which to effect minor repairs and adjustments during the time the vessel is in port. 

As has been stated already a fishing vessel is one of the few types of commercial ships in which the 
relation between maximum carrying capacity and weight of hull and machinery is of relative minor 
importance ; strength of hull and reliability of working parts are the prime factors. A fishing vessel at 
work must withstand heavy weather under exceptional circumstances ; also the liability to local damage 
is great 

Maneeuvring in docks and small basins which, in most fishing ports, are sadly congested, and lying 
alongside quays two or three deep lead to much bumping. It has therefore become a common practice, 
particularly in the smaller type of vessel, to introduce scantlings much in excess of Lloyd’s requirements. 
This is notable in the case of the thickness of the shell plating. Considerable attention is also given to the 
preservation of the internal steelwork. 

It is understood that reductions have been allowed in the scantlings of bulkheads, keelsons and 
stringers in trawlers and drifters, and except as stated hereafter there does not appear to be any objection 
to such procedure. As regards the general scantlings of the vessel there is little to say further except that 
in some cases increased thickness of side plating has been of no avail on account of deficient support 
accorded by the frames, and this seems to point to the conclusion that increased plating should not be 
allowed as an excuse for reducing the size of the frames. 
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Fishing vessels frequently discharge their catches while lying side by side with their stems against the 
quay wall, and it is principally during the process of getting into this position that the stem and bow 
plating are damaged. The stem is usually formed of a strong bulb plate. It should be at least 7 inches 
wide and 1} inch thick with the shell plating double riveted through the stem and the fore edge cf the 
plating and the outside row of rivets as near as possible to the bulb of the stem. The scarph of the stem 
and keel should be close to the forefoot, in fact it would probably prove economical to scarph a special 
forefoot piece into a straight keel and straight stem piece. Short bow plates, as fitted by some builders, are 
also of advantage as the plating in this region frequently requires fairing or renewing. Narrow strakes of 
plating are, for the same reason, worth the extra initial cost. 

The fish-hold extends from about one-fifth length from forward to near amidships and is especially 
liable to damage from bumping and minor collisions. Owing to the fact that the hold is usually 
insulated, leaks are difficult to locate and the damage is costly to repair, involving the laying up of the 
vessel for a considerable period. Moreover, due to the shape of the vessel in way of the fish-hold, a small 
collision may result in indented plates, bent frames, knees and beams and broken insulation. The 
unsupported length of frame is relatively great and the frames are liable to twist or fracture at the upper 
turn of bilge. 

Many builders, following general cargo practice, now omit side stringers in fishing vessels. In_ the 
bunkers, machinery space and the after end of the vessel stringers are certainly not required, but it is 
considered that some extra support should be given to the side plating in the hold. This may be effected 
by fitting an efficient stringer, by increasing the size and thickness of the beam knees or by fitting a web 
frame. None of these need in any way affect the stowage in the hold. The initial cost would be small 
and would be recovered in a very short time. 

While the trawl] is down considerable helm has to be carried in order to steer a straight course and 
thus the rudders of trawlers receive extremely hard usage, and experience has certainly demonstrated the 
superiority of the double plate rudder over the single plate variety. During the War the single plate 
rudder was frequently fitted for economy, but the number of twisted rudders has been relatively high and 
it is noted that this trouble has only been met with when single plate rudders are fitted. The latter is an 
initial economy which does not appear to be justified. It also appears that the usual owner’s requirement 
of having the rudder head increased 25 per cent. in area is so essential to the safety of the ship as to merit 
adoption of same being made compulsory, as well as an increase in the size of the rudder post. 

Rudder stops on sternframes are gradually becoming extinct and this has materially decreased the 
number of cases of sternframe damage. A trawler or drifter is required constantly to manoeuvre in 
confined spaces, and it is no wncommon occurrence for the helmsman to allow the rudder to carry itself 
hard over when going astern. In such cases rudder stops are dangerous, as sternframe damage is only a 
question of time. Deck stoppers are the best, and buffer springs are certainly of some service although 
they are rarely fitted. 

Considerable attention has been paid during recent years to the question of safety of life at sea and 
the fishing vessel presents some interesting problems, although admittedly of a minor type. A trawler or 
drifter is not even a one compartment ship, that is, she will sink if the machinery space, or, in some 
types, the fish hold is open to the sea. Therefore it appears essential that all possible sources of trouble 
should be eliminated and the vessel thoroughly tested. 

Apart from the main structure, trouble has arisen in fishing vessels through leaky casings, coal 
scuttles, scuppers, hatches, ventilators, skylights and even the wheelhouse floor, although it cannot be 
claimed that the latter has ever been more than a source of inconvenience. 

A trawler recently left this country for a trans-Atlantic voyage and encountered heavy weather. She 
eventually put back owing to leaky coal seuttles, with water in the boiler room to a dangerous level, and 
so far as could be ascertained the sole source of trouble was leaky coal scuttles. Coal scuttles of really 
efficient design appear to be rare, and the best that can be said of many types is that they are relatively 
tight. There is still room for a scuttle which will remain tight under working conditions in a fishing 
vessel. 

Two trawlers fitted with scuppers discharging below the deck line were nearly lost off the Shetlands 
recently owing to the fact that, in a slight squeeze, the scuppers amidships had been fractured. The 
nearness of the opening through the shell to the waterline resulted in a continuous leak of water into the 
bunkers whilst at sea. 

Deck scuppers of the most efficient kind can be obtained by simply piercing the bulwark, and these 
are manifestly preferable to any forms of scupper which require the cutting of a hole in the ship’s side 
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below the deck. In the latter case, a slight bump may well cause a serious leak not easily discovered and 
well-nigh impossible to repair in a seaway. 

It is considered that the hose testing of the decks and machinery casings of a fishing vessel should 
be compulsory, since a trawler fishing in heavy weather is frequently swept by seas. Under these 
circumstances the exposed parts of the vessel are thoroughly searched by water and hose testing, when 
the ship is completed, or after deck repairs, appears to be essential to the proper completion of the work. 

Regarding the general design of trawlers, two matters at least are worthy of attention, First and 
foremost it is considered that every vessel should be fitted with some form of forecastle ; secondly, the 
design of many trawlers leaves very much to be desired in the way of access even to parts of the vessel in 
daily use. 

In some cases a door at the after end of the casing leads by a small passage way to the top of the 
engine room ladder, while just inside the door is another doorway on the left to the galley, and a hatch 
right in the passage giving access to the cabins below. Such an arrangement is unsafe and could be 
easily avoided in the design stage. 

A trawler has little freeboard aft and relies principally on the relatively high sheer at the forward 
end of the vessel in cases where a forecastle is not fitted. With a heavy catch the relation of freeboard 
forward to length of vessel is much less in the flush deck vessel than in the trawler fitted with a forecastle, 
and the safety of the flush deck vessel is in one sense proportionately less, Even the smallest trawler 
could be fitted with a forecastle, monkey forecastle or whaleback of sufficient height to give the increased 
safety without interfering with the proper working of the ship. 


CoNCLUSION. 


Tt is well known that the provisions of the Shipping Acts relating to Merchant Steamships are not 
compulsory in the case of Fishing vessels. Whether this exception is justified is now becoming doubtful. 
When the Acts were first framed fishing vessels were very small craft, and enforced adoption of the Act 
in them would have involved serious and impracticable structural alterations. With the rapid increase in 
size of and long distances traversed by trawlers and having regard to the relatively high number of crew 
carried, it appears advisable that in all vessels exceeding a certain size the full provisions of the Merchant 
Shipping Acts should be made compulsory. It is noted that in the largest trawlers, some owners already 
realise their moral obligations in this respect and have the crew spaces, navigation lights and life-saving 
appliances fitted in accordance with full Board of Trade Regulations and also have the freeboard assigned 
as for a cargo steamship. 

Although a fishing vessel is, from the point of view of its size, low in the scale of shipbuilding and 
engineering feats, its importance to the nation is high. In modern cargo and passenger ships of large 
dimensions the crews rarely can claim to be “sailormen” in so far as the old accepted meaning of this 
word applies. With the fishermen it is different. Their vessels are small and receive severe buffetings 
from the weather, their life is a toilsome one and a race of hardy sailormen is trained who undoubtedly 
form the backbone of what is known as the “ First Sea Power.” 

In conclusion the authors desire to express their indebtedness to D. G. Jones, Esq., Milford Haven, 
and to G. T. Atkinson, Esq., Inspector of Fisheries, Lowestoft, for their helpful criticism of those parts 
of this paper relating to the Fishing Industry and Fishery Research. 
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DISCUSSION ON Mr. S. TOWNSHEND & Mr. C. BARTLETT’S 
PAPER ON 
“DRIFTING AND TRAWLING.” 


Mr. E. W. Buocksipar. 


We are indebted to Messrs. Townshend & Bartlett for bringing before our notice some of the results 
from their intimate association with an industry, which is of such vital importance to the British 
Community at the present moment. 

Attention is drawn to the inconvenient arrangements made for access to the machinery and crew 
spaces in some modern Steam Trawlers. The suggestions for improvement should be fully endorsed by 
Surveyors who have had any experience with the building or equipping of these vessels. The positions 
of the entrances have made an indelible impression on my mind, due to the fact that, on two occasions I 
was precipitated below into the crew’s quarters when making for the Engine Room, owing to the bad 
position of the hatchway in the passageway. 

It becomes more apparent every year that the influence of the modern trawler has seriously 
crippled the fishing grounds around the coasts of this Island. The effect of the trawl is to seriously 
interfere with the feeding and breeding grounds of the fish, and during the war this trouble was 
accentuated by inshore trawling, and by the permission given for an encroachment into the mouths of 
rivers and estuaries. The business of the trawler, therefore, has its serious drawbacks. 

Reference is made in the paper to the lack of control over the life-saving equipment, or the enforce- 
ment of recognised freeboards on steam trawlers or drifters by the Merchant Shipping Acts. 

When the Merchant Shipping Act was originally framed in 1854, exemptions were made from its 
provisions in the case of tug boats and vessels engaged solely in the Whale fishing, not from the point. of 
view of size, it is suggested, but in order that no undue interference should be made with a particular 
and special trade. 

The conditions during the war period emphasised the necessity of recognising the advantages of the 
Merchant Shipping Act, in safeguarding the interests of the crew, as well as those of the owner, by fitting 
out the living spaces in accordance with the regulations, and providing the vessels with a reasonable 
amount of life-saving equipment. 

The present regulations operated by the Fishery Board are generally considered to be inadequate, 
under present circumstances, in view of the risks taken by the Trawlers and the length of the voyage. 

For the latter reason, it is not understood why a difference should be recognised between the fish 
carrier and the trawler or drifter. The latter are exempted from the provisions of the Load Line Act 
while the former must be ranked according to the statutory requirements, and yet the conditions of their 
employment are practically identical. 


Mr. W. D. Heck. 


In the first place I wish to thank the Authors for an interesting paper which is of both general 
and technical interest. : 

As a revelation of the state of affairs in the finny kingdom, the paper is worthy of a place in a 
treatise devoted to Natural History, and there are in addition many points of interest to those members 
of the Association who are not naturalists. 

In regard to purely technical matters the following points have occurred to me :— ‘ 

The Authors state that a trawler is considered to be worn out when 20 years old, and that progressive 
owners usually dispose of their vessels when about 10 years old. The useful life of their vessel, might I 
think, be extended if greater attention were given to the design. : enleby 

In order to get the maximum speed when racing for the market, the largest possible boiler is fitted, 
with the result that it is very difficult to obtain access to the adjacent parts of the vessel for the purpose 
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of cleaning, chipping and painting, with the result, that, after a few years when some determined 
individual does force his way to these parts he may quite commonly, if he so wishes, emerge with a con- 
siderable portion of the centre girder, or floors, frames, etc., in his grasp. 

Greater accessibility could be obtained by fitting a slightly smaller boiler, and by raising it higher 
above the floors, and also by dispensing with side bunkers which are themselves a source of heavy 
wear and tear. 

The use of side bunkers necessitates the use of coal scuttles, which, as the Authors point out, 
frequently cause trouble. As the extent of the machinery space is not a matter of great moment, the cross 
bunker fitted with a hatch of the usual type, could if necessary be slightly extended. 

A second suggestion is that the exhaust steam from the trawl winch might be led to an exhaust tank, 
or to the main condenser. One gathers that when fishing there is always steam on the winch, and in 
this way a good deal of feed water is lost which has to be made up from the reserve tanks. The frequent 
additions of cold water are not conducive to the long life of the boiler, and the water costs money. 

A further suggestion is that the wood deck in way of the fish pounds or ponds should be fitted with 
an easily renewable sheathing. The wear on the deck at this part is not inconsiderable and repairs 
are not infrequently necessary. 

At other parts of the vessel namely, in way of the fish hold, peaks, etc., the wear and tear on the 
internal surfaces is very often slight in extent after several years work, and this may be attributed to the 
nature of the cargo. Insulation, when fitted, appears to constitute a very effective preventative against 
corrosion of the inner side of the shell plating and of the framing. 

With regard to the Authors remarks respecting the rapid evolution of “engineers” on board steam 
fishing vessels, one must take it that the word “engineer” is used only in a complimentary sense, as these 
men are, in fact, “ drivers” and as such they are commonly known. 


Mr. W. M. Batrour. 


On Page 17 the Authors state that the damage to the fish hold is due to bumping. From this it 
will be gathered that the framing and plating is amply strong for the heaviest of weathers, and their 
suggestion for increasing the strength by fitting a web frame would be ineffective owing to its very local 
character. Under the bumping action and due to the bevel on the frame, the frames will trip or twist, 
and if the frames were fitted normal to the plating it would materially assist the strength. The fitting of 
a eo would have the same effect, but this seems a retrograde step especially when the holds are 
insulated, 

In the next paragraph they also state that the single plate rudder is practically a failure. It appears 
that it has been found necessary to increase the area of the rudder head by 25 per cent., but are the 
scantlings of the rudder arms and plate also increased ? I think the single plate type of rudder has been 
found highly satisfactory for ordinary cargo steamers, and I see no reason why a single plate rudder 
should not be as satisfactory for a trawler, provided it be properly designed. 

It is interesting to note that if the trawler be bilged in the engine room, or in some cases in the fish 
hold, the odds on the vessel remaining afloat are in all cases against the ship, and this raises the question 
whether the stiffeners of the bulkheads require to be fitted to the full standard or not, or whether they 
should be merely effective screen bulkheads. 

It seems that a reduction in bulkhead scantlings could be made, and I believe the practice now is to 
omit the brackets and lugs required by the Rules for the cargo ship. 

With regard to the conclusion on Page 18, for the safety of the crew, I agree that it is desirable to 
bring trawlers much more within the scope of the Merchant Shipping Act. 


Mr. R. Howre. 


The paper on “ Drifting and Trawling” has been most interesting. It is a paper rather hard 
to criticise, but anyone with some experience of trawlers can amplify it to some extent. 

My first experience in the surveying of new trawlers dates back to somewhere about the early 
days of 1899 in Dundee, when two vessels about 100 feet to 105 feet in length were built. They were 
quite a success until two years old, when one owner refused to draw the tail shaft at the appointed time, 
or even within a reasonable time limit. 


5 


After a few weeks delay these two vessels appeared in the Supplements with the notation of 
3 dots (...). Shortly afterwards one of the “twins” was towed into Dundee with the loss of a propeller ; 
the other “ twin” was promptly docked, shaft drawn and class reinstated. 

While in Dundee one “ Well” trawler was built ; the idea appealed to me because the fish were 
landed in a much fresher condition. 

In Aberdeen I had quite a lot of experience in trawler building, it being no uncommon thing to 
have in those early days as many as 20 trawlers building in the three yards at one time. 

Tt was from Aberdeen that I submitted a proposal to build a trawler with a single deep frame, 
dispensing with the reversed frame excepting across the upper edge of the straight floor. 

My reason for suggesting the innovation was twofold, first, in surveying trawlers for the first No. 2, 
and always in the case of the first No. 3, the reversed frames were as thin as sheet tin (if there was any 
thickness left) ; and second, on account of the trouble in new trawlers in getting the frame and reversed 
frame properly closed by riveting. 

The bars were only 4/20 thick, and on account of the amount of setting and bevelling, in view 
of the form of the vessel, the bars were too cold when placed on the iron blocks for flattening the bearing 
flanges, this being the last operation. 

A section showing a single angle frame 4 x 24 x 7/20, with a floor straight across 3 inches deeper 
than the rule, and a small reversed angle or flange on the upper edge, was submitted and was accepted, 
and to the best of my knowledge this was the first deep-framed trawler approved by this Society. 

It is important in the single framed trawler that, as surveys come on, the frames should be 
carefully watched and a reversed angle fitted when required, lapping on to the floor—a much cheaper 
repair than was required in the days prior to the single frame. 

I very much appreciate the remarks in the paper regarding the scantlings of trawlers. The use 
and abuse to which these vessels are subjected calls for something more than the rule scantlings. 

In the fish dock in Aberdeen, at least in my days, the trawlers, after discharging at the market side 
of the dock, moved to another berth where the trawlers moored up stem on to the quay. 

When another one came along “she” pushed her nose in between two sterns and kept pushing until 
she also got her nose in front, a side stringer and half round chafing pieces are certainly very necessury. 
Beltings are no good—they take up too much room, and en account of the great sheer forward are apt 
to be ripped off. 

During war time I surveyed whilst building six trawlers of the “ Mersey” class, and I think they 
were about the last thing in trawlers, excepting the horrible custom of trawler officers insisting in 
sleeping in bunks with sliding wooden shutters. ; 


Mr. J. S. ORmisron. 


I think we are much indebted to the happy combination of light and serious given us in this paper 
of Messrs. Townshend & Bartlett. On the descriptive and popular portions of the paper I am unable to 
pass any reflections. One or two reflections, however, occur to me from a reading of the technical portions. 

With regard to the Authors remarks on page 17 in connection with the side framing, I am not 
inclined to think there can be any necessity for the fitting of web frames in trawlers. If,asthe Authors 
seem to think, the shell plating in fishing vessels needs more support than is usually provide€d—I am 
surprised to hear that extra support should be considered necessary—then the extra support would be 
better in the nature of say 4’ increase in depth of framing and perhaps a couple of fiftieths on the shell 
in the region mentioned. I agree with the Authors re the great desirability of fitting a forecastle ; in 
addition to the seaworthiness gained a forecastle provides a sheltered entrance to the crew space and to 
the space for the windlass. The raised quarter deck is also a wise- feature of design, although it is 
usually only about one foot high, as it provides more headroom over the cylinders and boiler and crew 
space aft, and tends to a “ drier’’ deck from the quarters aft to the wheelhouse. 

I am surprised to hear that the double plate rudder is more suitable for trawlers than is the single 
plate type. I have certainly seen a good many single plate rudders in fishing vessels. A considerable 
experience of trawlers and drifters rndders during the war—when these vessels were used for purposes 
other than fishing—seemed to point to the strong advisability of bushing the rudder pintles andjor stern 
frame gudgeons in these vessels. 

With regard to the Authors statement in the concluding paragraphs in connection with compliance 
by trawler owners of the Board of Trade requirements, I might state that the requirements of the 
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Merchant Shipping Acts, as regards lights and sound signals are compulsory. In addition to the usual 
Navigation lights, fishing vessels must carry a special trawl masthead lantern and “ riding” lights when 
engaged in fishing operations. With regard to crew spaces, as most trawlers at any rate, and probably 
also most drifters, have their tonnages measured and computed as for an ordinary seagoing vessel, Owners 
naturally in most cases, so far as I know, make their crew spaces in accordance with the regulations, 
thus obtaining deduction of the crew spaces from the tonnage: it is my experience that the requisite 
capacity and floor area are just obtained and no more. So far as my experience of fishing vessels goes 
I have not seen one in which the full Board of Trade requirements as to Life Saving Appliances were 
complied with. Fishing vessels usually have one open boat without buoyancy tanks stowed on skids aft 
and capable of being lifted overboard by slings from a boom on the main mast. 

I would like to suggest to the Authors that it might be a completion to the interesting general 
arrangement sketches to show a body and water plane lines diagram ; trawlers have beautifully shaped 


lines. 
Mr. A. G. AKESTER. 


It is not easy suddenly to throw the cold light of criticism upon the almost romantic story of fishing 
illustrated in the paper before us. 

Surely one of the finest sights around our coast is that of a fleet of fishing smacks putting out to 
sea, and I think our President will bear me out when I say that some of the best artists.of the day have 
made a special success with the portrayal of such scenes and of the shore activities at fishing villages on 
the west coast of Scotland and elsewhere. 

But the trawlers and other vessels as we know them are not of studio build, and therefore it is not for 
long that the shipbuilder or surveyor can romance upon his work. 

The Authors of the paper have indicated in what way the trawler is superior to the ordinary sea- 
going vessel of similar size. It might be advisable also to state the deficiencies of this type of vessel 
when compared with Lloyd’s Standard 100 A1 class. 

Five points have generally to be watched in the conversion of a steel steam trawler into a classed 
cargo boat : 

(1) The height of the engine and boiler casings are not to be less than 7 feet above the deck. 
(2) Cargo hatch coamings are not to be less than 24 inches high. 

(3) The stiffening on bulkheads is to be brought up to Rule. 

(4) The equipment is to be brought up to Rule. 

(5) An assignment of load line is necessary. 

With these points attended to there can be little doubt but that the resulting vessel would have 
excellent sea-going qualities, although judging from the drawings a limited cargo capacity for its size. 

In a newspaper article some few months ago, I read that 200 Admiralty minesweepers converted 
into up-to-date steam trawlers had been formally handed over to a newly formed organisation known as 
the Minesweepers’ Co-operative Trawling Society. 

This fleet was to be worked on Co-operative lines and financed by the fishermen themselves, who 
were to be paid the wages current at the ports upon which the vessels were based, and receive in addition 
bonuses and a dividend on their shares. It was anticipated that the scheme would find employment for 
some 8,000 men. 

Perhaps Mr. Townshend may be able to say whether this scheme has met with the success it certainly 
seemed to deserve, since there would appear to be ample scope for such a society, to the mutual advantage 
of the consumer and the fishermen themselves. 

There is one other question I should like to ask—whether it would not be possible for trawlers to 
work in pairs with a large trawl net between them similar to the way minesweepers work with their 
sweeps out ? 


Mr. A. W. JACKSON. 


With regard to fishery research, mentioned by the Authors in the section “ Fishermen and Fish” on 
page 4, some interesting experiments have been conducted under the direction of the Ministry of Agri- 
culture and Fisheries, on the transplantation of fish of the sea from poor to richer feeding grounds. 

It has been proved that this can be done successfully in the case of plaice, by transplanting them 
from the Dutch coast to the rich Dogger Bank, and investigations are being made to see whether 
some basis can be fixed so as to enable the idea to be carried out on a commercial scale, 


The reason for the poor growth on the Dutch coast is due to the overstocked condition of the 
nursery ground, and the competition for food amongst the young plaice; also they are pressed more 
and more into the shoals by the superabundance of large plaice in deep water, a condition brought 
about by the long rest the fish have enjoyed during the war. 

It would be interesting to know whether the ‘otter board” used in deep sea fishing operations, 
was the original of the “otter and paravane gear” used respectively by merchant and war vessels 
during the war to prevent damage from floating mines. 

The wires used for towing the otters and paravanes were of a special flexible non-twisting variety, 
but they had a “short life and a gay one” in service. Is the same sort of rough wear experienced 
by the wires towing the “ otter boards ?” 


Mr. B. J. Ives. 


Owing to the short time at my disposal, I have not been able to read Messrs. Townshend and 
Bartlett’s paper on “* Drifting and Trawling” very closely, but with reference to the period of absence 
of a North Sea trawler from port, viz., from 6 to 10 days, in my experience (which I must admit is 
25 years ago) the trawlers fished in fleets of 80 to 100 vessels at a time, and their catches were 
transferred every morning, weather permitting, to the fish carrier, which carried them direct to 
Billingsgate. 

My experience of the drifter is also before the days of the introduction of steam, and at that time 
these vessels were absolutely deficient in sanitary arrangements. 

One point I should like to have information on from the Authors is in regard to the development 
of using lights attached in the cod end, as I understand the idea was abroad during the war that an 
electric light worked from the deck of the vessel and fitted in the cod end would be a great attraction 
for fish. 


Mr. C. C. Gearine. 


I have read this useful and informative paper with great interest. The Authors have had fine 
opportunities for studying the subject, and it is evident they have made a good use of them. 

Most of the points I thought of remarking upon have been taken up by previous speakers, but 
I would like to say a few words anent the framing of these fishing vessels, which the Authors refer to in 
the last paragraph on page 16 of their paper. It is not now the practice to allow a reduction in the 
framing on account of thicker shell plating, although some concessions in this respect were permitted up 
to a few years ago. 

If the midship section of a trawler be examined and compared with that of a coaster of the same 
dimensions and “d,” it will be seen that on account of the large amount of rise of floor and 
comparatively easy curvature at the bilge the frame in the former vessel has considerably shorter straight 
parts, and is of much stronger form. Without making any attempt to work out the stresses on such a 
frame on the Arch principle, it would seem reasonable to take ““d” in such a case from the deck to a 
point say halfway between the points where the curvature at the upper part of the bilge commences. 
and the intersection of the rise of floor with the half-breadth lines. In certain cases, such as those of 
vessels having considerable beam and, or, rise of floor, the stress on the lower part of the frame between 
the floor plate and the bilge will be found to be greater than at the side, and of course allowance must be 
made for this. 

The stresses on the framing in these small vessels, if worked out on the conventional method, 
are very high, and it is interesting to note that the load line Committee formula provides for framing of 
greater strength. 

Tar Presipent (Mr. W. Warr). 

Messrs. Townshend and Bartlett, the Authors of this paper on “ Drifting and Trawling,” deserve the 
thanks of this Association for their very interesting and instructive remarks. During the late war they 
came into intimate contact with the Builders, Owners, and Masters of fishing craft from Land’s End to 
John O’ Groats with their diverse opinions regarding what was suitable and what was not. 

There is perhaps no more conservative body of men than is to be found among our fisher folk, and 
it is somewhat difficult to reconcile their conflicting ideas, but the Authors have attempted to sift the 
evidence and evolve a common standard, both as regards the vessels and their equipment. They have 
given us an illuminating description of the different methods of catching the fish, and then have suggested 
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various modifications in existing types of fishing vessels, and it is this latter section which appeals 
principally to us as naval architects and engineers. 

Most of these suggestions have been referred to in the discussion to-night, and I shall only refer to 
one or two of them. 

I do not agree with the Authors when they state that the double plate rudder is preferable to the 
single plate. In the latter, the surfaces of the heavy plate are always exposed, and means can readily be 
adopted to prevent corrosion, but in the double plate rudder the thin plates are liable to rapid corrosion, 
on account of the inaccessibility of the inner surfaces and the resulting liability of wasted rivets, neces- 
sitating repair at a comparatively early date. To my mind it is not a matter of type but one of design. 

In the last paragraph the Authors state that Owners are now beginning to comply with the require- 
ments of the Merchant Shipping Act and are also having freeboards assigned to their vessels under that 
Act, although such regulations do not apply to fishing vessels. As regards freeboard assignment, I think 
they are not quite correct. A number of large trawlers built in this country have had freeboards assigned, 
but these vessels are to sail under the French flag, where freeboards are compulsory ; freeboards have also 
been assigned in the case of several other vessels which are to be engaged primarily in the fishing industry 
but are to be used at times for carrying ordinary cargoes, but 1 do not know of any case of a vessel 
designed exclusively for the fishing trade having a freeboard assigned. 

I am rather surprised to find that while suggesting modifications in minor details, the Authors have 
comnlsely ignored the larger question of suitable dimensions, and I think a considerable modification 
could be made in this respect, with benefit alike to the Owner and the consumer. ; 

The modern fishing vessel is a development of the sailing smack, and the same principal of design 
has been adhered to very closely indeed. Now an exceptionally fine form may be desirable in a sailing 
vessel, but it is quite unnecessary in a steam-propelled vessel. ‘Ihe highest block coefficient I have found 
in asteam trawler at the working draught was °56. This could quite well be increased to *65 without 
impairing the efficiency of the vessel; and without reducing the carrying capacity, the lengths of the 
vessels illustrated could be reduced from 115, 138, and 86 feet, to 100, 120, and 76 feet respectively. 
This would result in a considerable reduction in the light weight, with a corresponding reduction in first 
cost and maintenance expenses ; less quay space would be required, and the vessels would be more easily 
manceuvred in harbour, thus reducing the risk from damage by bumping against quay walls and other 
vessels, and the fuller form would render the inside of the vessel more accessible. It may be difficult to 
persuade owners, or perhaps I should say masters, to adopt such a drastic innovation, but I feel sure it 
would be beneficial to all parties concerned in the great fishing industry. 

On behalf of the Staif Association, I desire to convey to Mr. Townshend, and through him to Mr. 
Bartlett, the co-Author, our very best thanks for their exceedingly interesting and instructive paper. 


CORRESPONDENCE. 


Mr. B. G. OxForp. 


I have read Messrs. Townshend and Bartlett’s paper with great pleasure. Evidently, they are well 
acquainted with trawlers and drifters and the peculiar conditions under which they work. I find little to 
criticise in their paper, but should like to make a few observations. 

I think that they hardly do justice to the average trawler engineer or driver. I usually found them 
rather efficient men, in fact, in many cases they compare favourably with some of the professional 
engineers who have drifted into this class of boat. In many instances they show considerable ingenuity in 
effecting temporary repairs in cases of breakdown, and usually bring their boat home without assistance. 
It may not be considered a virtue to bring a boiler in under 180 Ibs. per sq. inch pressure when the 
furnace crowns are nearly touching the firebars, but I have seen it done. When I was in Grimsby the 
insurance companies insisted upon the trawler engineers passing a fairly stiff verbal examination held by a 
committee of the superintendents. 

In Grimsby it used to be the custom to specify trawlers to be built of steel to iron scantlings. 

I do not quite agree with the Authors in their statement that no two skippers have their vessel 
Se identically. My experience was rather the reverse. 

can endorse the remarks about the superiority of the double plate rudder to that of the single plate 
type. With the latter, faults frequently develop at the welds and the roots of the arms. I suppose that we 
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may compare a rudder to an overhung beam. In the case of the double plate type we have the 
ideal condition of the plates acting as top and bottom members of a girder, while with the single plate 
rudder the arms take most of the stress. I may point out that formerly our Rules provided for a half-inch 
increase in diameter of the head for trawlers’ rudders. This would give approximately 25 per cent 
more sectional area. 

It is an advantage to have short. bow plates, owing to the frequency of stem damages, but, if not 
originally fitted, it is a simple matter to raise a fresh butt. to avoid removing a long plate. For the same 
reason a separate forefoot piece scarphing into a straight stem would simplify repairs. I think that a plain 
bar stem somewhat thicker is preferable to the bulb bar. 

I like the sides of the fish hold above the bilge to be made vertical. The loss of hold capacity is not 
great, and the space between the wood and the shell facilitates repairs and cleaning, besides improving the 
insulating qualities of the lining. It should also tend to preserve the wood. Any dry rot in the fish hold 
lining, even although thickly coated with enamel paint, will contaminate the fish in its neighbourhood, 


Mr. W. G. Mrncu. 


We are much indebted to the Authors for their paper “Drifting and Trawling,” which is 
interesting. 

These gentlemen evidently have a very high opinion of trawler owners when they speak of the moral 
obligation of having a Freeboard assigned to some of their vessels. Last summer I was relieving one of 
our senior colleagues at an East Coast Port (F ishing) and while there had a request for a Freeboard for a 
couple of trawlers. Needless to say I was somewhat surprised, and on making further enquiries found 
that these vessels were carrying their own catch, and other vessels’ catches, to Germany, and that the 
Board of Trade had their eye on the vessel, hence the application. 

No doubt our worthy President must have also had a shock when the writer wrote him for advice 
and guidance on the subject. 

Trawlers are fitted with a very heavy belting, which takes all the bumping when getting alongside 
other vessels or quays. 

In reference to monkey forecastles or whalebacks, some of our largest vessels are fitted with these, 
but the “Strath” Class (115ft. vessels) are never fitted, and most skippers strongly object to them. The 
German trawlers which have been handed over to the Allies are fitted with a small whaleback, on which a 
small hand windlass is fitted, and which is driven by an endless chain to the winch. 

In the wood drifters the usual Freeing Port consists of the bulwark planking being fitted to within 
1} in. of the deck for about % length of the vessel. This makes an excellent scupper or port. I have 
never met with defective coal scuttles, but the supposed leakage is, I think, due to the lids or scuttles not 
being properly fitted into place before leaving for sea. 

The fisherman is the governing element of his vessel, and the entrance arrangements to engine room, 
galley, and cabin (as now fitted) suit his requirements, and, what is more, his wishes. I have never heard 
anything against this arrangement and certainly never heard of it being dangerous. In the German 
trawlers handed over they have the same arrangement and the Germans never copy anything that is not 

‘ood. 
s I agree with the Authors regarding having no stoppers fitted on the Post. Rudder troubles are 
mostly, I think, caused by careless handling of the vessel when docking. 

Leaky castings, ventilators, skylights, and hatches—this trouble must be in old vessels which are not 
classed with Lloyd’s Register, 

Mr. G. D. Rrrcute, 

It is safe to say that since the passing of the sailing vessel, only in fishing vessels are seamen worthy 
of our old sea traditions to be found. 

The fisherman’s hazardous and rough life makes constant demands upon his pluck, resouree and 
seamanship, and as an instance of his reckless daring I may mention the case of a vessel, which, recent] 
arrived at Iceland, got ashore in a fog and carried away the sole piece of the stern frame together wit 
the rudder post, which broke off just below the top pintle by which the rudder was left hanging. 

The skipper after an inspection of the damage, decided to carry on, made his catch and steamed 
the vessel back in safety. 

Somerscales, the Marine painter, has put on record in a splendid picture, now in the Tate Gallery, a 
fine incident which occurred in the North Sea a few years ago, in which a trawler bearing down on a 
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vessel in distress in a heavy gale, found her on the point of sinking and at once charged full speed into 
the side of the sinking vessel, the crew of which clambered over his bows to safety. 

The shipbuilding and engineering side of the subject presents a very limited field which has been so 
well covered by the Authors that little can be said by way of amplification or criticism. 

I agree that an increase in the thickness of the shell plating should not be accompanied by a 
reduction in the strength of the frames. It is not an uncommon thing to find at the 8.8. No. 3, all the 
frames in the bunkers fractured just below the beam knees. 

Bulb angle frames, the customary increase in thickness of shell plating, no side stringers, thicker 
beam knees made wider and deeper to take an additional rivet in the beam and in the frame, would in my 
opinion, meet the case of vessels liable to damage through the congested condition of docks at fishing 
ports. 

Engine casings require special attention and should be kept as low as possible. Engine and boiler 
casings about 7ft. high are, however, popular with some fisherfolk as they afford a lee side under which to 
repair nets, etc., and when such casings are fitted, care should be taken that they are of substantial 
thickness and thoroughly well braced and stiffened, as instances have occurred where high casings have 
been completely stove in during heavy weather. 

It is true that the double plated rudder is more often fitted nowadays than the single plate type 
and, a number of years ago, before the Rules for rudders were altered, a great deal of trouble was 
experienced with rudders of the latter kind, but when these rudders are fitted having very large 
fillets at the arms, and with an increase in the size of the head, they have been perfectiy satisfactory in 
my experience. 

Rudder heads in trawlers might be usefully increased by Rule, but I do not find any evidence for an 
increase in the size of rudder posts. 

The trawl gear is usually hauled every 4 hours on North Sea trips, and as often as every half hour 
in [celandic waters, and this operation lowers the level of the water in the boiler four or five inches at 
each haul. In the great majority of trawlers the winch can only exhaust to the atmosphere since the 
main engines are stopped when hauling the gear, and the loss of boiler water has to be made good from 
the sea—a very barbarous practice. 

By fitting a separate circulating pump, and an ejector for removing the condensate from the 
condenser to a feed tank, the trawl winch exhaust may be led to the condenser and a considerable all 
round saving affected. 

Although oil engines have been applied with success to a large number of small fishing craft, there 
exists a strong but groundless prejudice against the use of oil engines or oil fuel for boilers in the larger 
vessels as it is thought that contamination of the fish would result, but a vessel is now under 
construction which is to be fitted with 6 cylinder Diesel Engines of 600 B.H.P., carrying the fuel in a 
double bottom tank under the engines. 

The crank shaft of the two forward cylinders can be declutched from the remainder of the crank 
shaft, and, by means of gearing, drive the trawl winch. 

It is found that by adopting Diesel engines, a vessel having bunker and hold capacity sufficient for 
the Iceland trade can be obtained on the dimensions of a North Sea vessel. 


ABERDEEN STAFF. 

The paper now placed before the Association has proved of special interest to the Members stationed 
farthest North, where the fishing industry holds first place, both as regards the capital invested and the 
labour employed in the prosecution of the Trade, and its allied industries. 

We are much indebted to the Authors of the paper in question for its varied and interesting data, 
the collection of which must have entailed much wide-spread inquiry, and subsequent sorting out, and 
arrangement. 

With regard to the construction of the vessels, the details of which, as the result of experience, have 
materially altered in the last 20 years, there are still some points, attention to which would tend to reduce 
the bill for repairs, which, although placed to “damage account,” are largely the result of the unavoidable 
tear and wear to which the vessels are exposed in their competition for a berth at the fish market ; 
whereby topsides and bulwarks are stove in and frames frequently buckled below beam knees, especially in 
way of bunkers amidships. 
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Where the sheerstrake is carried up to give an independent landing to bulwark plating, the 
disturbance of the gunwale angle in the case of the removal of the bulwark plating is avoided, and the 
angle lugs for attachment of stays should extend full depth of bulwarks, thereby preventing buckling of 
the plates, and consequent loosening of the rivets in lug attachments. 

The wastage of the upper part of the frames in the bunkers above the “coal line,” and consequent 
buckling, so frequently found, would suggest the advisibility of the adoption of bulb angle framing in 
way of bunkers. 

The filling in of the bilges in bunkers and under boiler to level of top of floors and frames with 
concrete, composed of shingle, cement, and sand, renders those parts immune from corrosion, and 
consequent expensive repairs. 

Tt has also been found that the cleanliness and preservation of the watertight flat of cabin sole can 
be provided for, by adopting a 4 in. camber, together with the fitting of a light fore and aft gutter angle, 
in connection with a drain cock at each wing. 

The double plate rudder, with its costly frame, numerous welds, and possible latent defects, coupled 
with its unadaptability for repair, is not in favour with Northern owners, who are satisfied that the single 
plate type, with its homogeneous weldless stock, and arms shrunk on and keyed, has proved itself more 
reliable; while the adoption of a deep deck packing box to rudder head, composed of two cast-iron blocks, 
lined with lignum vitee, and fitted with hard wood distance pieces for ready adjustment, has greatly 
increased the life of the rudder pintles. 

The fracture of the rudder head seldom occurs, but when this does happen only the stops on the 
stern frame can prevent the rudder blade from fouling the propeller when struck by a heavy sea, or with 
engines going astern. 

The consideration of this paper will doubtless lead to much interesting discussion, and your 
correspondents can only express their regret at being unable to personally participate in same. 


MEETING or NEWCASTLE BRANCH or LLOYD’S REGISTER STAFF ASSOCIATION 
To piscuss Messrs. TOWNSHEND AND BARTLETT’S PAPER ON “ DRIFTING AND TRAWLING.” 
THURSDAY, 3RD Marcu, 1921. Mr. ANNEAR OCCUPIED THE CHAIR. 


Mr. R. Leg ANNEAR. 


We have this evening for consideration a paper of interest containing the novelty of some good 
explanatory photographs. According to the paper the history of the steam trawler and drifter is of recent 
date. The machinery equipment is of the simplest type in both classes of vessels, and the winch is the 
most important auxiliary, holding a position hardly second to the propelling machinery. 

The strengthening of the fore-end of the vessels, for the purpose of withstanding the dangers 
encountered when manceuyring in docks, was attempted over fifteen years ago by filling the fore-peaks with 
cement. One of these, so stiffened, came in with a broken stem, the bar having fractured above the 
fore-peak. To renew this bar the whole of the fore end plates had to be removed, and the cost of cutting 
out the cement made the repair more expensive than if the vessel had not been reinforced. 

The coal scuttle fastening is imperfect in respect of water-tightness. Even if there is jointing it is 
difficult to ensure cleanliness, and often, when fastened the door becomes rust-bound and requires a sledge 
hammer to free it. 

Recent experience emphasises the Authors’ remarks that a forecastle should be fitted to all these small 
vessels, but probably the main objection to this is that the deck space, even now limited, is too valuable to 
be spared. The paper deserves our hearty encomiums, and the Authors have given us information 
respecting an industry much talked about in this district, but not too well known. 


. 
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Mr. J. Hopason. 


Referring to the question of the steering gear of these vessels, I think they would be much more 
satisfactory if a “quadrant” tiller were fitted in preference to the single-arm type now commonly used. 
With this latter type of tiller, when the rudder is put hard over, the “following” chain usually becomes 
so slack as to trail along the deck with the result that it tends to leave the quarter block, especially if the 
rudder is allowed to run back. 

On the trials of one of the Admiralty trawlers having this type of tiller, when the rudder was allowed 
to run back from the hard-over position, the chain actually left the block and jambed the geared. 

Another improvement would be effected, I think, if all the larger boats had steam steering gear as 
well as hand gear. With the vessel at full speed, the hand gear is very hard to work, and not conducive 
to handy steering. 

Mr. A. R. SNEDDON. 


The paper on “ Drifting and Trawling,” by Mr. Townshend and Mr, Bartlett, is very interesting and 
instructive, and they are to be thanked for the amount of information which is contained in the paper, 
and which must have taken a considerable amount of time and trouble to obtain. 

With regard to the Drifter it is stated that steel hulls were introduced into Drifter building about 
1901, and that the building was introduced at Aberdeen. I believe I am right in saying that steel 
Drifter building was first introduced at North Shields, as when I was surveyor at North Shields in 1899 
and 1900 Steel Drifters were at that time built by Messrs. Smith’s Dock Co., who had a shipyard between 
their Bull Ring Dock and their Pontoons Department. 

The first one was built in June, 1900, and was named “ One,” the dimensions being 80°0 x 18°0 x 8°6. 

Regarding the suggested technical improvements, it is stated that it is a common practice to 
introduce scantlings much in excess of Lloyd’s requirements, notably in the case of the thickness of 
shell plating. In the case of the firm mentioned above this was done in the Trawlers built by them, 
and in addition to increasing the thickness of shell plating they double riveted all the seams instead of 
only rig seams of garboard strake and sheerstrake, which alone were required by the Rules to be double 
riveted. 

I think the suggestion to fit a special forefoot piece between the keel and the lower part of the 
straight stem is quite good, as this would save an amount of time and expense if the upper part of stem 
was damaged, and required to be removed for fairing. 

The reasons given for the suggested strengthening in way of the fish hold and for deck scuppers to 
be fitted above deck are good, and the paper shows the necessity of hose testing the casings, skylights, etc., 
in addition to the decks. 


Mr. G. L. Brown. 


I am grateful for the interesting matter describing appliances and methods of fishing, but of course 
am unable either to criticise or supplement it. 

The last section of the paper dealing with suggested technical improvements is within the reach of 
each of us. To most of the suggestions no exception can be taken. 

The unsatisfactory covers to coal hatches have come under my notice. The excessive corrosion in 
trawlers’ bunkers is, in my opinion, due to the persistently leaky cast-iron covers to bunker hatches. 

I am at a loss to know what the writers mean by “the number of twisted rudders has been 
relatively high (7.¢., with single plate rudders), and it is noted that this trouble has only been met with 
when single plate rudders are fitted.” On the face of it this appears to refer to torsion strains on the 
rudder head, and the reference to 25 per cent. increase in area seems to confirm this. How the 
construction of the blade of the rudder (given same area and moment of area) can increase the torsion in 
the rudder head is not apparent to the ordinary mind. I suggest the writers should clear up this 
obscure passage. 

Single plate rudders can be made as strong in the blade as double plate, and are a much more lasting 
and sensible type of rudder. 

Rudder stops on stern frames are a brutal and barbarous method of stopping rudder, and should be 
given up in all vessels. 

The writers want it made compulsory to hose-test the decks of trawlers. It is compulsory already, 
and so far as I know is never omitted. 
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Mr. R. A. Mippieron. 

I have little experience of present-day fishing craft, and my few remarks are mostly reminiscent. 

In the period of transition from sail to steam, the firm I was with in Sunderland were commissioned 
by a Hull gentleman, in 1878, to build an auxiliary steam trawler. This vessel, rigged as a yawl for 
sailing, was fitted with boiler and engines for use in calms and against contrary winds and to assist when 
trawling, and mention of two or three novel features may be of interest in comparison with vessels of the 
present day. 

The dimensions of the vessel were 85' x 20'x 10'6'' moulded, and arrangements were made to keep 
the fish alive by circulating water in the fish hold so as to aerate it, on a system devised by the owner. 
The engines were ordinary compound, having cylinders 10''&20" dia. and 12'' stroke. 

No independent funnel was fitted for the boiler, the steel main mast, about 18 or 26 in. in diameter, 
was stepped on strong beams at main deck over the boiler, and the uptake was carried from the smoke 
box into the bottom cf the mast, thus providing a good natural draught. 

To provide for the expansion caused by the heat on the steel mast and the risk of carrying away the 
rigging or forcing down the beams, the mast was stepped on four strong steel springs to take the thrust. 

When under sail a propeller forms a considerable drag on a vessel unless arrangements are made to 
allow the propeller to run free or by fitting feathering blades, or drawing the shaft and lifting the 
propeller in a frame up through a well in the counter. 

In the vessel mentioned no propeller aperture was fitted, the tail shaft passed through a boss on the 
ordinary L sternpost, through a spectacle eye in the rudder stock, and the propeller fitted in position 
abaft same. The spectacle eye on the rudder stock was elliptical with the major axis horizontal 
sufficiently large to clear the tail shaft when the rudder was just hard over. 

The blade of the rudder was formed in two parts, one arching over above, and the other below the 
propeller. When sailing the propeller was disconnected from the shaft by clutch or other gear, drawn off 
the end of the shaft up a wire rope guide threaded through the boss, taken over the taffrail and stowed 
on deck. 'The whole of the arrangement was an idea of the owner’s, and I cannot say anything of the 
success or otherwise of this experimental vessel ; probably it did not come up to expectations as I never 
heard of another sequel to the “Sequel” as the vessel was named. 

Trying to keep fish alive in circulating tanks was tried in several cases but given up as a failure. 

Referring to pages 10 & 16 of the paper, I would like to draw attention to the I.H and speeds 
mentioned. It appears to me these have been stated haphazard. 4380 I. is given for No. 1, with a 
speed of 9 knots, 480 I. EP for No. 2, with a speed of 10 knots, and 600 I.EP for No. 3, with a speed of 
over 11 knots. 

I consider that 600 I.E? is all right for the 11 knot vessel, and approximating for this same vessel 
that the I. HP varies as the cube of the speeds would give 450 I. per 10 knots, and 330 I. for 9 
knots, rather a striking contrast to the figures in the paper for the smaller vessels unless the [.FP for 
No. 1 is a misprint. 

From an approximate estimate of the displacements, I would consider that No. 1 should have 
330 I.P for 9 knots. No. 2, 400 I. EP for 10 knots, and No. 3, 600 I. EP as given. 

Similarly, 280 I. EP for the drifter seems very excessive. I estimate 150 I. should be sufficient 
for this vessel at 8 knots, certainly 180 I. HP is a very ample provision. 


Mr. H. B. Trurman. 


I read Messrs. Townshend and Bartlett’s paper on “ Drifting and Trawling ” with much interest. 

When steam trawling was first mooted (about the year 1882) I was in the Humber district, and 
the boom in steam trawler building was so keen that many now well-known builders commenced 
operations. The steam trawler “ Zodiac” was stated to be the first iron steam trawler. She was about 
80 feet long, and had the same masts and rigging as the existing sailers, then numbering about 1,500, 
out of Hull and Grimsby. The plans of the “ Zodiac” were exhibited at au exhibition at Tynemouth, 
and the builders received a gold medal and money prize. From 1885 onwards orders for trawlers came 
rapidly, never less than twoat a time, many times four and six, and once to my knowledge ten. 

All owners had different fads, but in all cases vessels were built much in excess of Lloyd’s require- 
ments, Sie thickened shell or larger section of frames, and generally a closer spacing of frames than 
required. 
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Several well boats were built, these vessels had a compartment about amidships, with shell perforated 
with 14 in. holes, the fish being brought in alive. 

The deck gear on an up-to-date trawler in connection with the trawl warps is most intricate as to 
fairleads, bollards, gallows, &c. The double barrel winch take generally about 1,000 fathoms of wire 
on each barrel, and it will possibly surprise many to hear that the main shaft of the winch is 7” square 

The vessels now are much larger than when trawling first started, and they trawl anywhere and any 
depth practically, and are not confined to the North Sea, as they were at the early stages of steam 
trawling. The sail power gradually dwindled, and now the foremast is really of use for mast head 
lights and fish tackles, and the mizen mast is really the funnel to galley and cabin stove. I would like 
to finish by stating I enjoyed the paper very much, and express my thanks for the excellent treatise on 
the “ Lifeboats of the North Sea.’ 


REPLY BY THE AUTHORS. 


It was thought ai first, that the paper on Drifting and Trawling would not provide much ground for 
controversy, but the contributions to the discussion go to prove that opinions vary considerably and 
diversely, and testify to the difficulties of obtaining consistent ideas and practice from those engaged in, 
or connected with, the drifting and trawling industries. Evidently the diversity of opinions stated in the 
paper to exist amongst fisherman, although not agreed to by Mr. Oxford, prevails also amongst 
naval architects. 

Thus Mr. Blocksidge, from bitter experience, agrees that the entrances to the cabins, galleys and 
engine rooms of some trawlers leave much to be desired, whereas, Mr. Minchin has not experienced 
trouble in this respect, and has never heard of such arrangements being dangerous. The discussions also 
show that diverse opinions are held upon the necessity of fitting forecastles, the watertightness of coaling 
scuttles, and the design of rudders, etc. 

With reference to the last named item, the question of the relative merits of double and single plate 
rudders appears quite vexed. What is generally wanted is a stiffer rudder to withstand local bumps and 
shocks, particularly on the blade of the rudder. The twisting referred to by Mr Brown has been noticed 
in the rudder itself, and not in the rudder stock, and indicates careless manceuvring when going astern in 
docks and other confined spaces, and this is the reason frequently given by owners for their preference for 
the double plate rudder. 

Under the section headed “ History” it is noticed that whereas it has taken many hundreds of years 
for the country to produce a large fleet of sailing trawlers and drifters, it has taken less than 50 years to 
build and equip 3,000 steam fishing vessels. It is this rapid progress, added to the possibilities of further 
development, which prompted the final recommendations in the paper regarding the application of the 
Merchant Shipping Acts to fishing vessels, and we are glad to see that Mr. Blocksidge and Mr. Balfour 
agree that the present provisions of the Acts are inadequate. It certainly is an anomaly that a vessel 
carrying fish as cargo must be assigned a load line, whereas the same vessel carrying the fish as a catch is 
exempt. 

Attention is directed to page 10, para. 5. The length of the Iceland trawler should be 138 ft. and 
not 130 ft. as printed. 

Mr. Oxford and Mr. Heck take up the cudgels on behalf of the trawler engineers. There is no 
intention in the paper to belittle these men; their ability and resourcefulness is not questioned, but no one 
can claim that ey are highly trained technically. 

The recommendations of Mr. Heck for improved accessibility are certainly most desirable, though 
they conflict in some measure with the President’s proposals to have smaller vessels. The smaller the 
vessel the more inaccessible the parts become, though admittedly this does not apply if the vessels be 
made materially fuller in form. Dispensing with side bunkers would be practicable where boilers are fired 
from the fore end, i.e., in the trawlers (where the parts are -already reasonably accessible), but in the 
drifters where the boilers are fired from the engine room, side bunkers could not be dispensed with. 

Trawlers built in recent years have generally been fitted with exhaust pipes led from the winch to 
the exhaust tank and condenser. 

The suggestion to fit renewable sheathing (presumably additional sheathing on the wood deck) in 
way of deck pounds is considere¢ a good one. 
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Insulation acting as a preservative of the steelwork depends very much upon the character of the 
insulation, It as been said that fish slime is the best steel preservative. Granulated cork has been 
greatly favoured but the steelwork corrodes rapidly in way of same unless first of all thoroughly coated 
with bitumen enamel. A growing practice is to use a patent insulation composed of cork and cement 
applied in a plastic condition, and finished off with a hard, smooth unbroken surface, capable of being 
easily washed down, and providing no crevices in which contaminating matter can lodge. 

In answer to Mr. Balfour’s query regarding rudder scantlings, it is generally the case that where the 
rudder head is increased, increases are also made in the other parts of the rudder. 

Mr. Balfour and Mr. Ormiston state that, of the three means suggested for stiffening the framing in 
way of the fish room, the fitting of a web frame would be ineffective. It is pointed out that the nature 
of the bumping referred to in the paper partakes of a sliding or glancing blow which does not simply 
make a dent but sets in five or six frames and adjoining plating, and therefore a bracketed web frame 
would provide the most efficient stiffening. 

An important point connected with the scantlings of bulkhead stiffeners is raised by Mr. Balfour. 
It is the usual practice to omit brackets on bulkhead stiffeners in fishing vessels. If the machinery space 
of a fishing vessel be bilged the vessel could not remain afloat. On the other hand, if the forward 
compartments be opened to the sea the loss of buoyancy, especially in the smaller types, is small, and the 
sinkage would be much less than in a cargo vessel, and it would be impracticable for a full head of water 
to come on the bulkheads. It therefore appears that the scantlings of bulkhead stiffeners on the 
forward bulkheads could be reduced (in addition to the omission of brackets) in some measure pro- 
portional to the draught of the vessel at the bulkhead compared with the load draught for a cargo 
vessel of similar form and dimensions. 

Mr. Howie’s opinion that beltings are not good is concurred in, though this differs from 
Mr. Minchin’s opinion that ‘a very heavy belting ”’ is fitted in these vessels. 

The fitting of wood shutters to berths is certainly a most objectionable arrangement. 

It is understood that the formation of the proposed Minesweepers’ Co-operative Trawling Society, 
referred to by Mr. Akester, has been abandoned by the Government. What is being done with the very 
finely equipped fleet of 200 modern steam trawlers is not known, but it is probable that they will 
be sold. 

It is not thought practicable for trawlers to work in pairs ; the conditions are very different to those 
obtaining when the vessels are minesweeping. The chief difficulty would be in manipulating the larger 
net, and in emptying it of its contents. 

The inventors of the paravane gear, referred to by Mr. Jackson, would doubtless have in mind the 
kite-like action of the trawler’s otter board, but it is not considered that the otter board can be regarded 
as the original of the paravane gear. Trawl wires are of special flexible steel wire, and last in service 
about six to nine months. 

The fleeting system referred to by Mr. Ives has dwindled to such an extent that at present only one 
firm operating out of Hull sends its catches direct from the vessels to Billingsgate. The Authors have 
not heard of the use of an electric light for the purpose mentioned by Mr. Ives. 

The possible reduction in the size of the vessels suggested by the President is one which has been 
considered. ‘The block coefficient of the larger types is about ‘62, and much development on the lines 
suggested is not possible. In the case of the smaller vessels reduction in size is not favoured by skippers, 
who maintain that the present size of the vessels is required for general seaworthiness especially in view 
of the longer distances which even the smallest vessels have now to go in order to obtain good catches. 

In the main, experience at the outports confirms the desirability of evolving a simple watertight 
coal scuttle for these little vessels. 

We agree with Mr. Hodgson that a quadrant tiller is preferable to a single arm. Several of the 
trawlers built for the Admiralty during the War gave trouble in this respect. The largest of these vessels 
were all fitted with combined hand and steam stearing gears. 

We are glad to have Mr. Sneddon’s correction of the date when steel hulls were introduced into 
drifter building, viz. 1900, instead of 1901 as stated in the paper. 

The descriptive contributions of Mr. Middleton and Mr. Tiltman are most interesting. With regard 
to the remarks of the former respecting the I.HP figures given in the paper, it is considered that, within 
limits, the approximate formula of “1.H varies as the cube of the speed” can only be applied to the 
same vessel running at different speeds, or to similar vessels running at corresponding speeds. It is 
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hardly correct to apply this formula to vessels of different dimensions, draught, form, displacement and 
speed. The I.H figures given in the paper are the designed horse-powers, and are stated correctly ; the 
speeds are the usual service speeds (expressed in the nearest whole number) of the vessels, and not the 
speeds on the measured mile. 

The Authors have not met with a winch with a driving shaft 7 in. square as stated by Mr. Tiltman. 
sen baat is usually 34 in. to 4 in. diameter, and is made 4 in, to 44 in. square in way of the sliding 
clutch only. 

We are inclined to agree with Mr. Ritchie that the least expensive way, and therefore the most likely 
way, to meet damage by squeezing in port would be to fit bulb angle frames (or deeper frames as 
suggested by Mr. Ormiston) with larger beam knees, and probably this arrangement could advantageously 
be extended into the bunkers. 
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INTERNAL COMBUSTION ENGINES. 


It is not the intention of the writer to give a theoretical treatise on the Diesel Engine, but 
rather to describe some of the important parts, and to give an impression of the engine’s behaviour at 
sea in all conditions, and to show that this new Prime Mover for ship propulsion is an accomplished fact 
with a great future. 

There are several types, e.y., 4 cycle single acting, which is truly the “ Diesel’’; the 4 cycle double 
acting ; 2 cycle single or double acting; 2 cycle with opposed pistons in the one cylinder having 
3 cranks to each cylinder; and the 2 cycle opposed pistons with the top pistons connected to the 
adjacent cylinder’s bottom piston (in this engine there is one crank for each cylinder). To give a 
description of each engine would take up more time than is desired, and I intend to confine Hi 
remarks generally to the 4 cycle engine with blast injection, as it is from the experience gained wit 
this type that the others have been developed. 

About 1912 a certain Continental steamship company converted a number of their vsesels from 
steam to “ Diesel,” and this proving satisfactcry, both from an economical and practical point, they 
decided to have their remaining steam vessels sold or converted. The company has now a fleet of 
Diesel engined vessels, which is stated to give entire satisfaction, thus shewing that the Diesel engined 
vessel was and is a proposition worthy of further study. 

There are at present some 200 vessels building of 3000 tons D.W. capacity and over, to be equipped 
with Diesel engines, and of these the 4 cycle strongly predominates. 

In this country several shipowners have Diesel engined vessels running with entire success. 

The principle on which the engine works is generally known, but for the purpose of explanations, 
the following will perhaps be of assistance. 

Commencing with the piston on the top, the 4 cycle is as follows :— 

First Downstroke.—The inlet valve opens and air is drawn into the cylinder at atmospheric 
pressure, through a slotted pipe, which is open to the engine room. 

SeconpD StrokE.—The inlet valve closes and the air is compressed on the return stroke of the piston 
to about 500 lbs. per square inch with a temperature of 120° F. or more. 

TuirD StroKe.—Fuel is injected into the cylinder by compressed air at pressures varying from 42 
to 65 atmospheres, according to fuel used and speed required, and, mixing with the compressed air, ignites ; 
fuel is cut off at about 1/10th of the stroke, combustion takes place and expansion follows until the end 
of the stroke. 

FourrH Srroxe.—The exhaust valve opens and the exhaust gases are expelled from the 
cylinder, 

Fig. 1 is a typical 4 cycle indicator diagram. 

Figs. 2 and 3 are respectively diagrammatic sketches of the 1913 and 1920 arrangements. It will 
be observed that many alterations have taken place during tiat period. 

I will now endeavour to explain how some of these alterations came about. 

In Fig. 2 the main auxiliaries consisted of two sets of 4 cycle 80 HP/ cylinder engines coupled to 
a dynamo and an air compressor, the dynamo generating power for driving pumps, steering gear, &c., 
and the compressor supplying air for main engine purposes. As it was necessary to use one of the 
dynamos at all times both at sea and in port, it will be observed that there was little time for overhauling 
and unless the |)iesel engine is maintained in good condition serious troubles are liable to develop. 

The arrangements proving unsatisfactory, the next step was to build the units separately, i.¢., by 
having an engine to drive the auxiliary compressors and an engine for each dynamo. ‘The final 
arrangement is shewn in Fig. 3, and has proved highly satisfactory. The design of the auxiliary remains 
much the same, but now that the units are separate, 3/50 engines have superseded the 4/80 for driving 
the generators. 
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The 4/80 engine piston requires artificial cooling (it is usual to oil cool the piston on this size of 
engine), whereas with the 4/50 piston this is not necessary, as sufficient cooling is effected through the 
medium of the cylinder liner, round which the cooling water is circulated, and by introducing the 
smaller cylinder considerable economy is effected in lubricating oil. 

In Fig. 2 the main engine is fitted with a single stage compressor, and its suction is coupled to the 
reservoirs, which are maintained at a pressure of 20 atmospheres by the auxiliary compressors, so that 
the main compressor drew in air at 20 atmospheres, and increased the pressure to 60 atmospheres 
for blast purposes. The main pistons were oil cooled. 

In Fig. 8 the main compressor is 3-stage, and is not dependent on the auxiliary. The main pistons 
are fresh water cooled. he auxiliary compressors are motor driven, and are used only when manceuvring. 
In both cases all the pumps, steering gear, and refrigerating machine are electrically driven. 


CYLINDER COVERS. 


The suitable design of the cylinder cover gives rise to considerable difficulty and anxiety, as it contains 
all the valves and water passages. It is a difficult casting to make, and is usually of cast iron. The 
cover is water cooled, but as the water has rather an obstructed passage this has resulted in a number of 
cracked covers. The cracks invariably extend across the bottom face, from exhaust to inlet valve space, 
and in some instances up the exhaust valve passage. It is claimed that these cracks occur in starting up. 
Attempts have been made to weld these defects, but with uncertain results. An arrangement for steam 
heating the cover before starting is being experimented with, and up to date no covers have been 
reported cracked where this system has been adopted. The bottom face of the cover undergoes a 
rapid change of temperature when starting up from cold, say for instance, the temperature of the engine 
room is 60° F., air is drawn into the cylinder and compressed to about 1200° F., when the fuel is injected 
the temperature is further increased to approximately 2000° F., so that it is not surprising when a 
cracked cover is found. 

There are five valves in the cover: the starting, the exhaust, the inlet, the fuel and the escape 
valve. The only difference in the exhaust and inlet valves is that the exhaust valve (Fig. 5) is water 
cooled, whereas the inlet is not. A starting valve is shown in Fig. 6, and a fuel valve in Fig. 7. 

Starting Valves were the cause of a considerable amount of trouble before rings were substituted for 
soft packing. These valves, if overhauled about once in 12 months, should give no cause for complaint. 

Great care must be exercised when jointing the valve to the cover. The two joint faces must be 
perfectly tight for this reason: if the bottom joint is not tight in the firing and exhaust stroke the live 
and exhaust gases will pass the joint, and thereby heat up the starting air line and fill the piping with 
a carbonaceous deposit, which will clog up the leaky valve and finally pass through the starting slide, 
and leave this important valve in very bad working condition, so that when a manceuvre is attempted 
trouble is likely to ensue. A serious accident can result from a leaky top joint, and in fact did happen 
recently on a vessel, which, after running about 4,000 miles, was stopped to receive a pilot. On 
restarting an explosion occurred in the starting air line which wrecked it and also a compressor head to 
which it was coupled. 

On the voyage the fuel valve gland had leaked and the fuel ran on to the cover and under the 
starting valve joint into the starting air line; when the engine was started one of the starting valves 
stuck open, with the result that this cylinder fired past the starting valve, and the flame ignited the 
fuel lying in the air line, thereby causing the disaster. Therefore, too great care cannot be taken in 
jointing these valves. 

Exhaust Valves require attention more frequently. The valve face and seat are detachable ; the 
main engine valves are made of hard close-grained cast iron, suitable for high temperatures. 

An accident with an exhaust valve, which came under the writer’s notice, may be of interest. The 
engine driving a generator had been at rest for a few hours after a long run, and on restarting a sudden 
heavy jolt in one of the cylinders was the only result. The exhaust valve was taken out and the cylinder 
found to be full of water. On further examination the connecting rod was found to be bent, and the 
bottom part of the liner broken off. The cause of this catastrophe lay with the exhaust valve. 
Corrosion had been going on inside the water space, and finally the water found its way through, and 
as this valve remains open when the engine is in starting position, the water gathered on the top of the 
piston, filling the cylinder, so that when an attempt was made to start the engine the result was as already 
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stated. As there are no means of inspecting this water space, I am of opinion that if this space 
were tested by pressure occasionally, accidents such as mentioned would be prevented. 

Fuel Injection Valve-—The assembling of this valve requires special attention when adjusting the 
pulverizer, packing and fitting of the non-return valve. 

The pulverizer consists of a number of thin steel discs with slots or holes drilled around the outer 
edge. The number of these discs depends on the viscosity of the fuel. The non-return valve is fitted 
immediately above the fuel entrance to the pulverizer, and is placed there to prevent the blast air passing 
back into the fuel pipes. There is also another non-return valve placed in the fuel pipe between the fuel 
valve and the fuel pump. This precaution is taken to prevent the fuel pump becoming air locked 
in the event of the top valve leaking. A fuel valve may run for several weeks or may not lastanhour. If 
the fuel is not properly filtered and a particle of grit adheres to the valve face, the flame will burn 
the valve head and seat, with the result that there will be a loss of blast air, which will necessitate 
the stopping of the engine in order to replace the valve. The valve spindle frequently becomes pitted in 
way of the packing, due to impurities, grit or water in the fuel. The spindles when in this condition seize 
on the packing and remain open during the firing stroke, resulting in the same trouble as in the previous 
case. The valves are liable to be burnt if the engine is kept running too slow for any length of 
time. It must be remembered that when running slow the valve has the same lift as when running at full 
speed, and therefore, as there is less fuel being delivered, more blast air is used. The valve is also moving 
slower, and exposed to the flame for a longer period. ‘These are the general fuel valve defects. Some 
engines have been designed with a variable fuel valve lift according to speed. This, in my opinion, is a 
very good arrangement, although it adds to the complication of the valve gear. ‘The advantage of it is 
that blast air is saved, and the engine can be run much slower than in the usual way, without fear 
of burning the valve. 

The Escape Valves ave of the ordinary spring-loaded type, and must be examined periodically, as the 
apertures to the cover leading to the valve frequently become choked with carbonised oil, thereby 
causing the valve to become sluggish or inoperative. An escape valve in this condition would lead to 
serious consequences in the event of the cylinders becoming overcharged beyond the safe limit. 


CYLINDER LINERS. 


Cylinder liners are made of special hard close-grained cast iron of high tensile strength, which will 
give a hard and smooth wearing surface. Fig. 8 shows a liner and its attachment to the cylinder. 
At the top the liner flange rests in the cylinder. Great care in the design and also the fitting of this joint 
must be observed in view of the heavy stresses exercised upon it when jointing the cover. The bottom of 
the liner is a working fit into the cylinder to allow for free expansion. The water-tight joint between the 
liner and the cylinder at the bottom is usually made with a rubber ring (see Fig. 8). 

The spigot joint at A is a ground face ; usually a little graphite is spread over the face before 
jointing. The joints if not properly made will leak, and the hot gases burn the faces, and this would 
necessitate the fitting of copper rings in order to make the joint tight. When this is done the piston 
clearance must be adjusted, and suitable liners fitted at the butt of the connecting rod. The wear of 
the liner on an engine of the crosshead type is considerably less than that of a steam engine. Cylinder 
liners of engines without crossheads, but fitted with deep pistons, as is the usual practice, wear slightly 
oval, owing to the liner having to act as a guide. The wear on the liners in one engine of this type, after 
three years almost constant running, had no appreciable effect on the engine’s efficiency. 

A piston suitable for a cylinder 27 inches in diameter is shown in Fig. 9, and is of the water cooled 
variety. Air and also oil cooled pistons have been in use. The air cooled could never be considered 
a snecess. il cooled are still used for the smaller types, but fresh water cooling is now universally used 
for large marine engines. 

It will be observed that the piston is dished on the crown, and is parallel at the lower point, and 
tapered towards the top. All Diesel engine pistons are designed with a conical top, and I think the 
majority of designers favour the dished top, as it strengthens the piston and allows for a certain amount 
of expansion which takes place. 

ain engine pistons give little trouble where M.E.P. is below 64 Kg per 4 cm., but in the smaller 
engines, where this pressure is exceeded, many cracked pistons have had to be dealt with. Welding has 
been tried, but so far is a failure. Several pistons are now running repaired as shown in Fig. 10, 
giving entire satisfaction. The pistons are fitted with ramsbottom rings, usually 6 to 8 rings. 
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The usual practice is to double turn the rings in order to ensure a perfect fit. Air compressor piston 
rings are treated in a similar manner. 

With the water cooled piston the most successful arrangement is with telescopic piping (see Fig. 12). 
The centre tube is made of iron and requires renewing occasionally, as it corrodes, probably through 
galvanic action which takes place between the brass tubes and the piston. 

The discharge temperature of the circulating water should be maintained as near as possible to 160° F., 
as if kept below that there is a loss in efficiency, and if kept much higher the piston is liable to become 
steam-locked, with the possibility of a cracked piston. Due consideration must also be given to the 
amount of impurities in the form of lime and other matter contained in the water which are liable to 
deposit in the cooling water space. 


COMPRESSORS. 


The pioneer marine Diesel engineers experienced no little trouble and anxiety with compressors. 
Many a complete stoppage was caused by a spring or valve breaking or a coil bursting. Considerable 
improvements have been made in recent years in air compressor design suitable for Diesel work. Main 
engines are now fitted with a three-stage and the smaller types with two-stage compressors. 

Too liberal lubrication is the cause of many of the present day air compressor troubles. The oil 
becomes carbonised and adheres to the valves, causing sluggish working and inefficiency of the iaig! aan 

When the L.P. piston is open at the bottom to the crank case, care should be taken that the 
rings are a good fit and the ote in the inlet pipe kept clean, otherwise the vapour from the 
lubricating oil in the crank case will find an entrance into the cylinder and cause trouble. On one 
occasion, when having trouble with a compressor, the writer noticed the receiver between the L.P. and 
H.P. stages blue with heat. Needless to say the engine was immediately stopped, and on opening up the 
compressor he found the majority of the valves practically solid with carbonised oil. The troutle was 
caused by the inlet pipe being partially choked and the L.P. piston passing oil vapour from the crank 
case. 

The compressor coils should be kept clean, but never heated over a fire for cleaning purposes. This 
also applies to the blast pipes. If heated the oil inside carbonises and forms a porous skin inside coil. 

When the coil is put into use again, the action of the air passing through this porous matter 
overheats the coil locally and weakens it, and in a short time the ecil Wil in all probability burst. The 
only method of indicating the wear on the inside of the coil is by Ly a periodically, andif the weight 
is less than the original by a predetermined percentage the coil should be discarded. 

The writer had occasion to examine the remains of a compressor in which the coil had burst, and 
found the coil worn quite thin on the outer half of the bore, whereas the inside half retained its original 
thickness, see Fig. 11. This coil had been in use for about two and a half years, and had gradually been 
thinned down by the action of the air rushing round the outside half of the coil, carrying with it particles 
of dust and carbonised oil. The water jacket was blown to pieces, although fitted with a safety valve. 
The safety valves are not to be relied upon in event of an accident as stated above. ‘The writer would 
suggest that if a thin disc were fitted several inches in diameter and made to blow out at a few lbs. over 
the maximum circulating water pressure, accidents such as described would be avoided. 


Arr Insection Borries. 


The air bottles are now generally made of solid drawn steel, reduced at the ends and fitted with 
screwed flanges. In the early days the bottle was drained through an internal pipe fitted with a 
valve at the top. This practice has now been discontinued, as it was found in many instances 
that the pipe had broken off at the neck, which made drainage impossible. These bottles should always 
be ess at full pressure and drained for water each watch, also cleaned out periodically and valves 
ground in. 

The pipe arrangement for the air bottles should be so designed that in the event of loss of air from 
any bottle it could be recharged from any other bottle in the engine room. Loss of air is quite a common 
event when testing an engine after an overhaul, and the benefit of the above arrangement will readily be 
observed. The bottles are usually placed on the bottom platform with the lower end resting on a stool in 
the bilge; the bottom, being out of sight, is often out of mind. 
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Fur. Pump. 


In some designs one pump delivers the fuel into a distribution chest from which valves and pipes are 
led to each fuel valve. The most favoured method is to have a pump for each cylinder, Fig. 13, as a more 
equal distribution of the oil is obtained ; also it is then possible to cut out any one cylinder without 
affecting the others. 

In the latter instance the pump delivers the quantity of fuel required for each combustion stroke to 
the fuel valve, The pump has also to overcome the Blast Air pressure always in the fuel valve, usually 
from 42 to 65 atmospheres. The quantity of fuel required varies with the load or speed of the engine, so 
that it will be readily understood the design and adjustment of the fuel pump requires no little skill. The 
body of the pump is of cast iron, the valves and plungers of steel, and the plunger is case-hardened. The 
gland is packed with suitable packing. In the past these glands have given considerable trouble, as they 
are so smal] and in most engines not very accessible. Some makers design the pump without a stuffing 
box. The plunger is then made a push fit in the pump chamber, and I understand that when properly 
fitted very good results have been obtained. 

In governing the fuel delivered per stroke a very ingenious method was arrived ut after considerable 
experimental work. The stroke of the pump remains constant, but only the quantity required, according 
to load or speed, passes the delivery valve; the surplus returns through the suction valve during earlier 
part of the delivery stroke. The action of the pump is as follows :— 

The plunger receives its motion from the eccentric sheave A on the cam shaft. The fuel 
supply is controlled by the tappit spindle @ operated by an adjustable rod ¢, the suction valve e being 
held off its seat during the required portion of the delivery stroke. The control lever of the engine is 
connected to a small spindle on which is mounted the eccentric sheaves D. 

If the control lever be moved in the direction of the arrow, the tappit spindle d is lowered, and if 
moved in the opposite direction the tappit is raised. is a hand pump for priming the pump, and P is 
the inspection plug. 

When adjusting the pump the plunger is put on bottom centre, starting lever slightly back from 
starting position ; a clearance of about 4/1000 is then made between the bottom of the suction valve and 
the tappit 7 by the adjusting nuts at C. The mechanism of the pump is so arranged than when 
the engine is running the tappit spindle @ permits the suction valve to close in time to allow the required 
amount of fuel to be injected into the fuel valve. 


LUBRICATION. 


The majority of Diesel engine builders have adopted an oil circulation system for the lubrication of 
shafting, &c., with enclosed crank chambers. The oil is delivered by a pump to the bearings at a pressure 
ranging from 8 to 12 lIbs., and after passing through the bearings it drains from the crank pits into a tank 
from which it is again taken by the oil pump and circulated through the bearings. A system of filtering 
and cooling is fitted in the circuit, so that the oil is cleaned and cooled continuously while the engine is 
running. Various methods are employed to convey the oil to each separate bearing connected to the 
system. Some makers take a separate lead to each bearing, and others feed the oil through the hollow 
crank shaft. Some makers consider it unnecessary to cut oil-ways in the bearings, and it is claimed that 
the oil under pressure finds its way round the bearing quite effectively. This idea sounds good and 
appears efficient, but unless the liners in the bearings are a perfect fit and come up almost against the 
journal, and the bearings kept closely adjusted, this method is rather uncertain. A few slack bearings in 
the engine have quite an appreciable effect on the lubricating oil pressure. 

The circulation system involves the use of a pure mineral lubricating oil having a good quality of 
separation from water or other impurities collected on its passage round the system. A compounded oil 
or a mineral oil with a natural tendency towards emulsification must not be used, as the thickening due to 
emulsification would in time impair the free flow of the lubricant through the piping. This feature is 
most important and an emulsification test should always be made before a new or unknown oil is 
used. Bearing this in mind an oil of the following tests will give good results :— 

Sp. Gr. 900. Open flash test 400° F. Redwood viscosity at 70°F. about 600 seconds ; 
at 125° F. about 135 seconds. 

Care should be taken in designing a circulating system to make provision for keeping the oil in good 
condition. In addition to the filtering mentioned, the oil pump suction should be placed at a sufficient 
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height above the bottom of the drain tank to allow a space for separated water or dirt to accumulate 
without being continuously drawn back into circulation. Provision should be made to allow for 
the removal of water or sludge from the bottom of the tank without emptying the system. 

« The lubrication of Diesel engine cylinders is usually effected by force pumps, preferably sight feed, 
operated by the cam shaft or other moving parts of the engine. The oil is led to the cylinder walls 
through openings from a belt cast round the cylinder or by separate pipe connections passing through the 
water jacket. ‘These openings are placed at a point between the piston rings when the piston is at the 
bottom of its stroke. Tt is desirable to have separate control over each inlet to the cylinder walls, and 
preferably each cylinder with its own pump, so that the supply to any cylinder can be altered 
independently of the others. 

yy scraper rings are arranged on the pistons so that the oil is carried backwards and forwards 
with it. 

An oil of the physical tests previously given for bearing lubrication will also give satisfaction in the 
cylinders of small engines, but with large pistons it is sometimes necessary to use an oil of greater 
viscosity. An oil of similar Sp. Gr. and F.P. to above but with Redwood’s Viscosity at 70° F. about 
1,300 seconds; and at 120° F. about 260 seconds will give the heavier body required. 


GOVERNING. 


The governing of the main engine is quite a simple matter. The governor most suitable is of the 
inertia type ; usually an “ Aspinall” is fitted. Its action is such that should the engine race, the suction 
valves of the fuel pump are held off their seats by the action of the levers attached to the governor when 
in action. 

The problem of governing the auxiliary engines driving dynamos or compressors is a little more 
complicated. The device commonly used on engines having multiple cylinders is such that it enables one 
or more cylinders to be successively cut out when the load falls to a certain predetermined point. The 
gear so acts that these cylinders cannot resume their share of the load unless the load should again rise 
above another predetermined higher point. The above mentioned mechanism is attached to the governor 
which is of the centrifugal type, driven by means of bevelled gearing from the crankshaft. 


GENERAL. 


To obtain the best results from the engine, the valves must be timed correctly, and the piston 
clearance adjusted exactly. A slight error in any of these adjustments will make quite an appreciable 
difference in the engine running. For instance, if the piston clearance is not correct, the compression 
will be either too high or low. If too high the excessive temperatures and pressures created will cause the 
engine to knock heavily. If too low, incomplete combustion, a smoky exhaust, and probably a burnt 
exhaust valve will follow. 

Then again, the fuel valve if opening early will cause pre-ignition and heavy knocking; if late, 
combustion will not be complete ; there will be a smoky exhaust, and probably a burnt exhaust valve. 

In turning the engine, the colour and sound of the exhaust and the general tone and feel of the 
engine should be carefully observed. 

From the indicator diagram, as in the steam engine, sufficient information is obtainable to enable 
the engineer to adjust the engine to run effectively and economically. 

Two types of diagrams are taken, the mechanically operated and the hand card. he hand card is 
used for finding the compression and approximately the point of admission of the fuel. 

Fig. a represents a typical compression card, taken when the fuel and blast air are momentarily 
shut off. The compression is adjusted to between 460 and 500 lbs. 

Fig. } represents late admission with a corresponding hand card. 


c = early is ” ” 
d 2. normal exhaust. 
e a early + 


‘a os late - 
Slight errors shown in the cards can usually be rectified when the engine is running. It does 
not necessarily follow that the ideal card shewn is the best card for all Diesel engines. The shape 
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of the card varies with the type and speed of the engine, so that the card really should only be used 
to assist natural observation. 

Fig. g is a diagram taken from an engine running at 450 revs. In trying to adjust the shape of 
this card to coincide with the ideal diagram the revolutions could not be maintained. 

The alignment of shafting is much more important with the Diesel than the steam engine. 

Experience teaches us that the wear down is not the same on all the bearings ; therefore greater care 
is necessary when adjusting to ensure true alignment. The usual method of taking the wear down 
is by the Bridge gauge, with which you are all familiar. A method adopted by engineers on several land 
installations is to micrometer the thickness of the bottom half of the bearings after bedding the shaft 
in the usual way; then at subsequent examinations the bottom halves are again measured ; an absolutely 
correct reading is thus obtained, and adjustments made accordingly. 

When adjusting bearings in a forced lubrication system where an annular space is cut in the bush to 
allow the oil to get into the hole in the journal, in order to pass through the shaft to the other bearings, 
it is found that some journals wear to such an extent that a ridge is formed, which fits into the annular 
space in the bearing and so prevents the oil getting to the journal. These ridges must be immediately 
dealt with, otherwise the life of the bearings will be short. 

The flexibility of the engine for manceuvring purposes is all that can be desired, but with all its good 
points careful handling is necessary. There are many apparently insignificant parts to be attended to 
while running, and which if not examined frequently may lead to serious consequences. 

All valve clearances must be especially attended to, also the fuel pump, adjusting rods, levers, &c. 
should be examined at regular intervals. The settling tanks (there are usually two each of sufficient 
capacity to last 12 hours) should be drained for water and sludge, and the float tested occasionally. 
Pressures and temperatures should be recorded regularly, and there are quite a few, ¢.g., blast air, starting 
air, jacket circulating water, piston cooling water and lubricating oil. Exhaust temperatures should be 
noted when possible. On some ships pyrometers are fitted in the exhaust pipe of each cylinder. The 
blast air pipes at the fuel valves should be felt now and then, and if any of these become hot it is a sure 
indication of a leaky fuel valve a barking or grinding sound from a cylinder, invariably due to a dry piston, 
must be immediately attended to, as once this starts the piston soon heats up. The writer recently had 
an exciting few minutes with a hot piston. The automatic Inbricator to the cylinder had jammed and the 
piston started grunting. In a few minutes it had attained a dull red heat on the one side and several red 
streaks shewed on the liner. Some time elapsed before the piston and liner were brought back to normal 
again. This incident proves that very little warning is given and how quickly troubles arise in engines of 
this type, also that the engineer in charge must always be on the alert. 


POSSIBILITIES. 


The question of the ability to fit higher power engines of the internal combustion type in ships is 
dependent upon economic factors in the first place. 

At the moment the highest power developed by such engines per cylinder is about 400 H.P. To 
equip a ship of 12,000 H.P. would therefore require no fewer than 30 cylinders. The prime cost and 
upkeep of such an outfit owing to the “multiplicity of bits” would evidently be serious factors. 

If, However, six cylinders only could be used, then the question comes within the realm of possibility ; 
such an engine would require to develop 2,000 H.P. per cylinder. 

So far it has been quite impossible to build engines of this power, and for a very simple reason. In 
any internal combustion engine a definite percentage of the total heat value of the fuel consumed has to 
be transmitted from the burning fuel within the cylinder through the walls thereof to the cooling medium, 
whatever it may be, without the said cylinder. 

Now the area of the internal walls of the cylinder, including its head and piston top, bear a definite 
relation to a liner dimension which is the diameter of the cylinder. This relation increases with increase 
of size as the square of the cylinder diameter, if engines of uniform proportion are being compared. 

The amount of fuel burned increases as the volume contained within the cylinder, or as the cube of 
the cylinder diameter. The percentage of heat transmitted being constant, evidently the heat transmitted 
per unit area of surface increases with increase of cylinder diameter. 

Some particular cylinder size will therefore be at length reached, at which the required rate of heat 
transmission through the cylinder walls is higher than the metal of these walls is capable of, and 
serious trouble will occur. Such is found to be the case. 
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The result in practice has been that the cylinders of large internal combustion engines have had to 
burn less and less fuel per unit volume as the size increases, the power only being able to increase as the 
square of the diameter, instead of as the cube as is theoretically possible. 

A well-known Continental firm of Diesel engine makers some time ago built a cylinder to develop 
2,000 H.P. The actual results were not published, but from information gathered the writer understands 
that this firm has now undertaken to build cylinders up to 900 H.P. each. This is a big increase from 
400 H.P., and it will be interesting to watch the development of these internal combustion engines. 

During atrial recently of a Doxford engine, which is of the opposed piston type, each cylinder 
developed 750 I.H.P. This is the highest power obtained up to the present in any completed multi- 
cylinder engine. 

In conclusion, I should like to state that interesting developments have taken place with regard to 
the “ Still System.” To describe this engine is not within the scope of this article, but briefly, the engine 
is a combination of Diesel and steam. One side of the piston works on the Diesel system and the other 
on steam, the waste heat of the Diesel cycle being used for the generation of the steam so used. 

The “Still System” of cylinder for large engines can be designed with a definite rate of heat 
transmission per unit area, whatever the engine power; the result being that cylinders can be arranged 
for 2,000 or 5,000 H.P. each without any possibility of stressing the materials used in the construction 
higher than in quite reasonable everyday engines. 

The results will be lower first and upkeep costs, and reduced weight per horse-power. 
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DISCUSSION ON MR. C. N. HUNTER’S PAPER 
ON 


“INTERNAL COMBUSTION ENGINES.” 


Mr. H. A. Garver. 


Mr, Hunter has given us a very interesting paper on a subject which opens up many avenues for 
discussion, for one must admit that the oil engine is gradually forcing its way into the front rank of 
engines for marine practice, but I think there is yet a lot to be done before the Shipowner can be 
convinced that this engine is the most efficient for ship propulsion. 

The writer confines his remarks chiefly to the 4-stroke Diesel engine and gives us many instances of 
the failure of certain parts of the machine. 

With reference to the cylinder cover, as described in the paper, I notice the Author refers to this as 
giving cause for considerable anxiety, and, from what he states, it gives one the impression that it is not 
at all a reliable part of the machine. Now, as the cover is subjected to the whole combustion pressure 
in the cylinder too much care cannot be given to its design, and, as it carries all the valves, in addition 
to having water passages cast in it, it must form a very complicated casting ; therefore I think that the 
engine that has ports cast in the cylinder for admission and exhaust, etc., such as seems to be generally 
adopted in the two cycle Diesel engine appeals to me as being a much more reliable and satisfactory 
arrangement. 

I notice the writer has not made any mention of the reversing arrangements of the Diesel Engine, 
for, as these are a very important factor and from information I have gathered seem to be something like 
the cylinder cover—always giving trouble—I should like to know which arrangement is, in his opinion, 
the most satisfactory for this type of engine. 

In the Author’s concluding remarks he makes reference to the Still System, a combination of Diesel 
and Steam. I am of the opinion that this type of engine will have a short life, for the combination of 
steam and oil in one common cylinder, although each gas operates on opposite sides of the piston, in the 
event of leakage passed the piston, which is always possible, there is bound to be contact. This, of 
course, would be most undesirable and seems to me rather a strange combination. 

In conelusion, I thank the Author for his very interesting paper. 


Mr. L. H. F. Youne. 


The Author has given us a very graphic description of the Marine Diesel Engine, its working under 
normal conditions, the trouble and defects that may be looked for, and the ineans of overcoming them. 

The majority of failures of the cylinder part of the engine, which are severally detailed in the paper, 
all point to the importance of careful and accurate adjustment of the valves and fittings, and to their 
maintenance in good condition. The efficient working of any particular valve generally results in its 
becoming overheated and thus rendered useless. 

The cylinder cover, which in a 4-stroke cycle engine, carries at least 5 valves, calls for very careful 
attention and periodical examination and testing. The Author cites an interesting case where the 
exhaust valve became porous due to corrosion by the cooling water, and the engine was damaged at 
starting up on account of water hammer. ‘The question naturally arose in my mind as to whether the 
engine was turned previous to starting, for turning through a complete cycle would probably have given 
some indication of the presence of water in the cylinder, or might have cleared it to some extent. 

While touching on this point I should like to ask the Author if it is an easy matter turning, say, a 
four cylinder Diesel engine against a high compression. 

Apart from the question of water gaining access to the cylinder I am glad to see that a special point 
is made in the paper with regard to the periodical examination and cleaning of the cylinder escape valves. 

Reference is made later on to some of the external parts of the engine, viz. :—the shafting and 
bearings. It is stated, as one would naturally expect, that the wear down is not the same on all the main 
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bearings. Are there any particular bearings which suffer more than the remainder? The proximity of 
the flywheel to either the forward or after bearing might conceivably have some influence on these. 

The method of measuring the wear-down, favoured by many land engineers, by gauging the thickness 
of the bottom bearing seems to me a very sound one, for it is sometimes the case that when an engine is 
at rest and some parts are perhaps removed for overhaul, the shaft does not bed down on all the bearings 
uniformly. It is not a difficult matter to turn out the bottom half except that it may mean dismantling 
some of the lubricating arrangements. At the same time the method should always be combined with 
the bridge method of gauging the wear-down. 

With regard to lubrication, the usual method adopted, as the Author states, is for the oil to circulate 
through the main bearings, crankheads, ete.,in turn. Lut, as the size of Diesel engines increases, it may 
be found necessary to provide additional lubrication for the main bearings. 

The Author has laid great stress on the cooling arrangements. This is one of the primary factors 
underlying the construction and also limiting the size of Diesel engines. ‘To bring the Diesel engine into 
line with the steam engine, cylinder for cylinder, it must be of the two-stroke cycle double acting type. 
An engine of this type would generate nearly four times the amount of heat per minute and per revolu- 
tion as a four-stroke cycle single acting engine. So that four times the amount of heat would have to be 
extracted from the former to maintain the cylinder and piston at the same temperature as in the latter 
type ; and there seems to be no very satisfactory way of achieving this at present. ’ 

The limiting of size, or in other words, the horse power developed per cylinder, is another stumbling 
block that has yet to be overcome. As stated in the paper, the ratio of the volume of the charge to the 
cooling surface varies approximately as the diameter of the cylinder. 
be is evidently for this reason that the use of Diesel engines is confined principally to slow speed 
vessels. 

The “Still” engine has been mentioned in connexion with this question of power. It may be an 
ideal engine from a theoretical point of view, but I hardly think it will ever be a desirable arrange- 
ment to work with. 

The Diesel engine to succeed must stand on its own merits purely as a Diesel engine, and not turn 
to some other form of engine to make good its deficiencies. 

I think I may safely say that it has come to be recognised as a fundamental principle in the practice 
of engineering that each part of the machinery should have its own particular function to perform. In 
steam engined vessels of the highest class it has become the usual practice to have all the principal 
auxiliaries, such as air pump, circulating pump, bilge pumps, etc., running as independent units, and in 
this respect it certainly marks a step forward in the right direction, where the Author in the first page of 
his paper describes the arrangement shewn in fig. 8 as superseding that shewn in fig. 2. It must surely 
be more satisfactory to have the dynamo run independently of the air compressor. The revolutions of the 
dynamo should be governed to within 5 %, and this would be difficult to obtain if a compressor were being 
driven by the same engine. 

This principle, however, does not seem to have been borne out in the case of the main compressor. 
At the top of page 4, the Author states that the main engines were first of all fitted with only a single 
stage air compressor working in conjunction with the auxiliary compressor, but that later on a three- 
stage compressor was fitted to the main engines, thus not requiring the constant use of the auxiliary. 
But it remains to be seen whether a main compressor, worked independently of the main engines, will not 
prove the better arrangement at some future date. 


Mr. W. D. Heck. 


The Author speaks of this type of Engine having a great future, and one is tempted to ask oneself 
why. 

As a heat engine it is undoubtedly efficient because it avoids one of the transformations used in the 
case of the steam engine, namely, from chemical energy to heat energy and then from heat to mechanical 
energy. As Mr. Hunter points out there is, however, the economic factor to be considered, and it is 
interesting to note that the inventor wrote to the effect that the Diesel engine would never be a cheap 
engine. 

Tn the course of conversation a few weeks ago the representative of a well-known firm of steamship 
owners stated that he had made enquiries as to the cost of a set of Diesel engines of 5,000 H.P., and also 


of a set of double-reduction geared turbine engines, complete with boilers, and found that the price 
quoted for the former was three times that of the latter. 

The Diesel engine is not a cheap engine, firstly, because of the very great care which has to be 
taken in manufacture, and, secondly, because it is very big for the power given out. This seems to point 
to the 2-stroke cycle engine holding the field in the future, and it will probably in addition be of the 
double acting type. 

In other words, more fuel must be burnt per unit of volume swept out by the piston for each power 
stroke, and if this demands a temperature in the cylinder walls which the metals used at present 
cannot withstand, the problem becomes one for metallurgists. In other words what is required is a cheap 
steel or iron which will retain its hardness and strength at high temperatures, and when one thinks that 
tool steel is now in general use, which retains its hardness even at a red heat, the difficulties do not appear 
insuperable. There is evidence to show that at least one firm is attacking the problem in this way. 

The same line of attack may be followed in the case of the larger cylinders with which the Author 
has dealt under the heading of possibilities, but it may be noted that it is not perhaps of the highest 
importance that large cylinders developing great horse power should be produced, as the greater part of 
fe tonnage of the merchant marine is, and must be, propelled by engines of comparatively moderate 

orse power. 

I should like to allude to one small practical point which the Author mentions, namely, the difficulty 
of running Diesel engines much below their designed power; and which he explains is due to the 
explosive mixture being spoilt owing to the amount of fuel oil being reduced and the amount of blast air 
being increased. The difficulty has, I think, been overcome by at least one firm of makers, who fit a 
device whereby the amount of air, as well as of fuel, is reduced when running slowly, and thus the 
correct proportions are retained. 


Mr. H. Ruckx-KeEene. 


We are indebted to Mr. Hunter for an interesting and instructive paper on Diesel engines. 

He has, as he says, chiefly confined his remarks on the 4-stroke single acting blast injection type of 
Diesel engines, and in drawing attention to some of the defects which he has noticed. The paper is of 
especial value to those Surveyors who have to survey such engines. 

In his opening paragraph he states that these engines are an accomplished fact with a great future. 
With this I quite agree. Several shipowning firms have now a number of vessels running with Diesel 
engines which have proved quite as reliable as steam engines, and their economy in the amount of oil 
fuel used per Indicated Horse Power is from one-third to one-fourth of the amount of coal used on a 
steam engine of the same Horse Power. In the 4-stroke cycle engine the consumption of oil is about 
*32 Ibs. per I.H.P. per hour. 

As the Author states there are many types of Diesel engines, including 4-stroke and 2-stroke cycle 
single acting and also 2-stroke double acting types. The only double acting 2-stroke cycle Diesel engines 
fitted in a merchant vessel are those of the Twin Screw Motor Vessel, Frrrz, built by Messrs. 
Blohm & Voss, of Hamburg, and completed in 1914 under the survey of the Society’s Surveyors. Her 
first sea voyage was made in 1919, when she came to Leith Roads to be handed over to the Reparations 
Committee. Each engine consists of 8 cylinders 18%ins. diameter by 28ins. stroke, and develops 
850 Brake Horse Power. In the top cylinder heads of these engines there are one fuel injection valve, 
one air starting valve, two scavenge valves, all worked by levers from one camp shaft, and one safety 
value. 

In the bottom cylinder heads there are 2 fuel injection valves, one on each side of the cylinder, and 
so placed that the fuel is injected midway between the piston rod and the cylinder walls, 2 scavenge 
valves, one air starting valve and one safety valve. 

All these valves are horizontal and worked from 2 cam shafts. 

Each of the fuel injection valves on the bottom cylinder heads can be put out of action by means of 
a hand lever, which moves the position of the cam operating the fuel valves. By this means, when it is 
desired to run the engines slow or when starting, they can be made single instead of double acting. 

The cam shafts are driven from the crankshaft by helical gears. 

The cylinder heads are made in two parts ; the outer part is cooled by the scavenge air and the part 
in direct contact with the heat of the cylinder is cooled by fresh water. ‘The cylinder liners are cooled by 
sea water. 
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The piston rods and pistons are cooled by fresh water, which is pumped through pipes leading along 
the pump levers to the crosshead and from thence through a pipe in the piston rod to the top of the 
piston, returning through the annulus round the pipe in the piston rod to a pipe on the opposite side of the 
crosshead to that at which it entered, and from thence by a pipe led along the pump lever to the cooler 
on its way to a storage tank, from which it is again drawn by the cooling water pumps. By this means 
the same fresh water is used over and over again. 

The piston rods are hollow, and are stated to keep quite cool when working. 

The piston rod stuffing boxes on the bottom cylinder head are about 12 inches deep and are fitted 
with a number of cast iron split rings as packing, with two turns of soft asbestos packing next the gland. 
Forced lubrication is used for these stuffing boxes, the lubricant being injected about the centre of the box. 

This vessel has since been purchased by a well known British Firm, and so far as is known the 
engines are working satisfactorily. 

The largest 4-stroke cycle single acting Diesel engines so far fitted in any merchant vessel are those 
in the Twin Screw Motor Vessel Guunapp, which were built by Messrs. Harland & Woolf, Ltd., Belfast. 

Each of these Engines consist of 8 cylinders 29}ins. diameter by 43,',ins. stroke and develop 
3,000 L.H.P., é.e., 375 I.H.P. per cylinder. 

Another type of 4-stroke cycle single acting Diesel engine is made by Messrs. Vickers, Ltd., in 
which the fuel is injected direct into the cylinders by mechanical power, at a pressure of 3,000 to 
4,000 Ibs. per square inch, instead of by compressed air, This system of injection is called “ Solid 
Injection,” and has been fitted in many submarine engines built by this firm, and also in the Twin 
Screw Motor Vessel NARRAGANSETT. 

Each of these engines consist of 6 cylinders 244ins. diameter by 39ins. stroke and develop 
1,250 B.H.P. They were completed in May, 1920, and are running satisfactorily. Several similar 
engines are in course of construction. 

As stated by the Author of the paper, the highest power in any completed multi-cylinder Diesel 
engine is that obtained by the Doxford 3,000 I.H.P. 2-stroke cycle opposed piston type of engine, viz. :-— 
750 I.H.P. per cylinder. 

This engine, which is to be fitted in the Motor Vessel, YNGAREN, has 4 cylinders 22°85 ins. diameter, 
with two pistons per cylinder with a combined stroke of 91-34ins. 

It may be of interest to describe the operation of this type of engine, as it differs materially from 
the blast injection engine described by the Author. 

The oil fuel is injected by means of pumps at a pressure of 10,000 lbs. per square inch, in the 
middle of the cylinder between the pistons ; its combustion forces the top piston upwards and the bottom 
piston downwards. At nearly the end of the stroke the top piston uncovers the exhaust ports in the 
cylinder and allows the greater portion of the burnt gases to escape. The bottom piston then uncovers 
the scavenge air port, and the scavenge air expels the remainder of the burnt gases, and leaves the 
cylinder full of air, which is compressed to the required pressure for the ignition of the fuel on the return 
strokes of the pistons. 

There are no cylinder heads and therefore the trouble with cylinder covers, which has occurred in 
some Diesel engines, is avoided. 

The question has often been raised as to whether the 4-stroke eycle or the 2-stroke cycle Diesel 
engine is the more reliable. To this no definite decision can be given. 

Up to the present many more vessels have been fitted with Diesel engines of the 4-stroke than of 
the 2-stroke cycle type, and therefore more experience has been gained with the former than the latter. 

There is, however, no doubt of the reliability of the 4-stroke cycle type, which has been made by 
certain well known firms, and I see no reason why the 2-stroke cycle engine should not prove itself 
equally reliable. 

he Author’s statements as to the failures of some of the details of these engines are very 
interesting, but with the result of the experience gained they are being overcome. 

The failures of cylinder covers and pistons in some of the earlier Diesel engines were due to faulty 
design, as they were overheated in parts due to the circulation of the cooling water not being efficient. 
These defects have been overcome in the later designs. 

With regard to compressors these again caused serious trouble in some of the earlier vessels fitted 
with Diesel engines, due to faulty design. 

In one case, some years ago, an air bottle exploded, killing the Chief Engineer and causing consider- 
able damage to the engines, 


On investigation it was found that the explosion was due in the first instance to the design of the 
pa ae ogy which allowed the lubricating oil splashed from the crosshead to enter the compressor 
cylinder. 

This oil, being of a rather low flash point, became partly carbonised and was deposited in the 
compressor valve chest and pipes, thus reducing the sectional area of the air pipes. The consequent 
increased temperature of the compressed air in these pipes mixed with the gaseous condition in which the 
oil, due to its low flash point, was transformed, became an explosive mixture, which was ignited by the 
high temperature of the pipes. 

With regard to the Author’s mention of the Still engine, certain proposals have recently been put 
forward in which it is proposed to construct an engine on this principle in which 1,500 1.H.P. will be 
developed in one cylinder. 

With regard to air injection bottles, the Author states that in the early days the air bottles were 
drained through an internal pipe fitted with a valve at the top and that this practice has now been dis- 
continued, as in many cases it was found that the pipe had been broken off at the neck, which made 
drainage impossible. 

In the first sea-going Diesel engine vessel a serious explosion did occur through this cause, and it 
may be of interest to explain how this happened. The drainage pipe of the air bottle in question, which 
was also the filling pipe for the compressed air, was fitted into the top cover of the air bottle and 
extended to, approximately, the bottom of the bottle, so that by opening a drain cock on this pipe outside 
the bottle any water in the bottle was blown out by the compressed air in the bottle. 

When in port it was desired to pump up the air in the bottle to the required pressure. It was 
presumed that the Engineer first opened the drain cock and found that air and not water issued from the 
drain pipe, and therefore concluded that there was no water in the bottle. The air compressor was then 
started and connected up to the bottle, with the result that the air bottle burst and the explosion seriously 
injured the Engineer. 

On investigation it was found that the air and drainage pipe had broken just inside the top of the 
bottle and therefore it appeared that the bottle was probably almost full of water when the compressor 
was started, with the result that instead of having a practically empty bottle to fill with compressed air, 
there was only a small portion of the bottle to be filled, which shortly caused a sufficient pressure to 
burst the bottle. 

Since that occurence it has been required that safety valves should be fitted to prevent an over 
pressure in any air receivers. 

During the War it has been difficult to obtain on the Continent seamless steel air receivers, and 
some have had their longitudinal and also their circumferential seams electrically welded, and several of 
such air receivers have been submitted to this Society for approval. 

These, however, have not been approved, as it was considered that being in tension a disaster would 
occur if the electrical welding was not efficient. 

There is no doubt that an efficient weld can be made by this process, but there is no known means, 
except by a crucial test which will destroy the article in question, whereby an efficient weld by this 
process can be determined. The efficiency of any electric welded seam is largely due to the human 
element. 

When in the United States, during the War, I had the opportunity of seeing an air receiver which 
had been welded by either the oxy-acetylene or the electric process of welding, which appeared to those 
who saw it to be sound, but which had burst and almost wrecked the shop in which it was situated, 
fortunately during the dinner hour when few men were present. 


Mr. E. W. BuocksipGe. 


Mr. Hunter has contributed a valuable addition to the Transactions of this Association. 

The subject is one of such growing importance that it is suggested another paper might be read 
during the next session, but developed from other view points than those taken by Mr. Hunter, who deals 
only with the four-cycle engine having blast injection. 

The success of the Diesel engine depends largely upon the accuracy and care which must be 
exercised in the manufacture of its various component parts and the quality of the workmanship. 
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Judging from the results of present-day experience and from the information given in Mr. Hunter’s 
paper, serious but only temporary drawbacks to the system appear to have been produced through faulty 
valye-joints and obstructions in the valves, producing corrosion, etc. 

Shipowners have been slow to adopt the Diesel engine, just as they are now adopting a very conser- 
vative attitude to the principles of the electric-drive, probably because of the heavy initial cost when 
compared with the reciprocating engine. 

It is suggested that failures have occurred in the past due to the efforts of the manufacturer to keep 
down the cost of production, by the use of cheap but unsuitable material. 

It is of interest to read from a recent paper by Mr. John Holloway, the manager of the North 
British Diesel Engine, Works, Glasgow, that :— 

“ Experience certainly confirms the opinion that iron castings subject to high temperatures, 
“such as Diesel engine cylinder liners, cylinder covers, pistons, etc., should not contain more than 
“a yery small percentage of phosphorus, as otherwise there would be a danger of iron phosphide 
“being extruded from the body of the metal, forming hard local points, which by friction, such 
“as is seb up by the rubbing of the piston, rings, might break off and form an abrasure, with 
“ disastrous results.” 

Considerable progress has been made in overcoming the difficulty referred to by Mr. Holloway, by 
special precautions being taken with the speed of machining the various parts, so as to secure uniformity 
of surface of the harder and softer portions of the material; and experimenting with the process of 
case-hardening. A much higher grade of iron or semi-steel has also been used for the main castings. 

It would have been of interest to the members if Mr. Hunter had stated the present limitations of 
the Diesel engine. 

One hears of the Doxford opposed piston two-stroke oil engine producing 3,000 H.P., and fitted to 
a vessel of 9,300 tons giving 105 knots on a draft of 25} feet. 

It has also been stated that Dr. Diesel was at one time experimenting with a small oil engine 
producing 5 H.P. 

It is, however, very doubtful when the Diesel engine will come within the reach of the small boat 
owner. 

Semi-Diesel or hot-bulb oil engines are being adapted for power yachts and fishing craft, but there 
is always the objection to the necessity of using blow-lamps for starting, and when running on slow 
speed. Only paraffin and other lighter residual oils can be used, while the Diesel engine can use 
practically any heavy oil fuel, which is of importance when one considers the ease with which this type 
of fuel can now be obtained, 

Kerosine or paraffin will not begin to vaporise at temperatures below 185° to 145° F. Consequently 
attachments have to be made for heating the paraffin before it is fed to the carburettor. 

Large motor life-boats are usually fitted with two carburettors—one for petrol and another for 
paraflin—so that the former is used to start with until the engine has been sufficiently heated to vaporise 
the paraffin. 

The Diesel engine starts from cold because pure air, drawn from the atmosphere, is brought to such 
a high degree of compression that a temperature is produced of sufficient intensity as to ignite the com- 
pustible, so that it only becomes necessary for the fuel to be injected into the heated air for its ignition. 

The consensus of opinion now is that the Diesel engine is the most economical method of using oil 
for power production. 


Mr. J. 8S. Ormiston. 


Mr. Chairman and gentlemen, Mr. Hunter’s paper deals mainly with matters of detail in connection 
with internal combustion engines. I should like to ask the author one or two questions relating to the 
general arrangement of internal combustion engines aboard ship, which are of interest to naval 
architects. 

It would be of interest if the Author would be kind enough to tell us how the weights and length of 
machinery space of marine internal combustion engines (say of about 2,500 to 3,000 Bupevtor 
an ordinary cargo vessel of about 10 to 11 knots) compare with these items for ordinary triple expansion 
reciprocating engines of about the same power and size of vessel. It would also be of interest if we 
could have average comparative figures of the fuel consumption. In this connection has there not 
recently been effected a considerable economy in the fuel consumption in oil-fired steamers which brings 


them much nearer the consumption for internal combustion engines? I should like to draw attention 
also to the difficulty sometimes experienced by shipbuilders in obtaining sufficient cross tie strong beams 
at the lower deck levels in vessels fitted with internal combustion engines owing to their height. Has 
recent development in marine internal combustion engines done anything to reduce their height? I 
thank the Author for his paper and trust he will not consider the foregoing remarks irrelevant to the 
paper as they are of considerable importance to the naval architect, 


Mr. J. CarnacHan, 

As Mr. Ruck-Keene stated, with reference to the fracturing of cylinder covers as formerly being a 
feature of Diesel engines, this difficulty appears to have been overcome by improvement in design. ‘The 
use of a special mixture of cast iron has also helped towards this desirable result. A method of over- 
coming the difficult combination of the stress and heat conveyance, which such covers have to withstand, 
has been tried on the engines of the Motor Vessel Frirz, to which Mr. Ruck-Keene drew attention, viz., 
by fitting the cylinder heads in two parts, the outer sustaining the stress and the one next to the cylinder 
acting as a heat conveyor, 

Mr. Heck mentioned that experiments are’ being made, in connection with cylinder liners, with other 
materials than the special hard close-grained cast iron mentioned by the author, and one hopes, for the 
future success of the internal combustion engine, that a material will be found Which will permit of a 
considerable increase in the diameter of cylinders over that at present employable. There is no doubt 
that the internal combustion engine, as a means for the propulsion of vessels, has come to stay but there 
is still much room for improvement. The Author states under the heading of possibilities that “To 
equip a ship of 12,000 H.P. would require no fewer than 30 cylinders.” The figure 12,000 H.P. would 
be an ordinary proposition as regards the steam reciprocating engine and steam turbine machinery, but 
unless larger diameter of cylinders becomes practicable for the internal combustion engine, the multiplicity 
of moving parts where higher powers are required will always be a serious drawback. The Diesel engine 
has proved its worth for ordinary powers, but there is still room for the steam engine in its various forms. 

It is not clear whether the Author claims the practice of double turning the Ramsbottom piston 
rings as peculiar to the Diesel engine, if so, he can be assured that such has been the usual practice for 
more than thirty years as regards the marine steam engine. 

With reference to air compressor coils the Author adopts the line of Punch’s advice to those about 
to marry when he states that these coils should never be heated over a fire for cleaning purposes ; he 
might usefully add to his advice as regards what he considers the best and safest method for this purpose. 
With considerable boldness he has stated the causes of the failure of these coils, but it has also been 
suggested by others that the wastage may be due to chemical action, either through the decomposition of 
the lubricating oil at the high temperature of compression or to the use of an unsuitable oil, With the 
type of coil illustrated in Fig. 11 it is a practical impossibility to make it without more or less thinning 
of the metal at the outer periphery of the tube, and the smaller the mean diameter of the coil the more 
pronounced is this reduction in thickness, 

In conclusion, I desire to thank Mr, Hunter for bis paper, and to congratulate him upon his sensibly 
steering clear of many useless controversial matters in this subject of internal combustion engines. 


Mr. G. F. Rosson. 


1 am afraid my remarks somewhat digress from the points in the paper,. but I would like to ask the 
author what his experience has been with regard to vibration of the ship’s structure especially during the 
period of starting, and running at half -speeds ahead and astern. , 

During the trial trip of a small coasting vessel fitted with hot bulb engine, I was rather surprised at 
the severe shocks which appeared to me to be sustained at half-speeds, and wondered what effect a high- 
powered oil engine would have on a large vessel in the same conditions, 

Mr. Hunter has had some experience in the running of these engines in fairly large vessels, and I 
would be pleased to know if he has observed this vibration ; if so, does he think it can be remedied. 

In the case of two high power hot bulb oil motor tugs, now being built under survey, I have 
recommended the builders to increase the riveting connections at the seatings, as these tugs will be 
constantly starting and stopping and running at various speeds during towing operations, and the 
builders are carrying out these recommendations. 
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These oil engine tugs are a new departure, at least on the River Thames, and their behaviour 
under very trying conditions, no doubt will be watched with considerable interest. 


Mr. R. Baurour. 


The paper abounds in useful facts, marshalled in a masterly manner. My experience with oil 
engines is somewhat limited, and consequently I have little to say on the subject. I have noticed, 
however, a perceptible flattening on the crank pin, particularly on the top portion, and at the same time 
a distinct ridging on the pin in way of the lubricating oil inlet, the ridge being equal to the width of the 
oil channel and extending well round the pins. Both these results give evidence of abnormal local wear 
and tear. Where this occurs great care is needed in adjusting the crank pin brasses, as the pins will 
not be truly circular. The brasses should be turned round by hand before connecting up. Speaking 
generally, [ have in connection with proposed cold storage installations strongly advocated the adoption of 
the Diesel engine as the motive power for electric generators. This would be particularly advantageous 
in these days of labour unrest in the mining industry. 


Mr. 8S. TowNsHEND. 


The limitations defined by the Author in the concluding section of his paper would appear to 
indicate that further progress in increasing the size of internal combustion engines is considered 
improbable. If this is so, it is oi Deri that designers of these engines might with advantage turn their 
attention to simplifying them, and making them easier to work, and to understand. A first view of the 
engine room of an oil-engined vessel always impresses one with the multiplicity of small parts and 
pieces of machinery. 

Internal combustion engines of a simple design and relatively low horse-power have been success- 
fully installed in many small fishing boats and in almost all sailing drifters, and time has already shown 
that these engines have worked well under the rough handling of inexperienced fishermen. But in 
spite of the fact that the price of coal has steadily risen and is making the working of trawlers 
unremunerative, internal combustion engines have not been fitted in any of these vessels. Oil fuel has 
been tried but as the practice has not been continued it is concluded that it has not proved suitable. 

Maybe there is a difficulty in inducing engineers with a knowledge of oil engines to serve on 
trawlers. But the failure to produce an oil engine of about 500 H.P. which is as simple to work and as 
efficient as the present steam engine, is the principal cause of the lack of progress. 

It would be interesting to have the Author’s opinion on this matter. 


Tue PRESIDENT. 


This is the first purely engineering paper we have had since the formation of our Association, and 
now that Mr. Hunter has broken the ice, | hope many of our engineering members will come forward 
and favour us with their views, and that on a future occasion Mr. Hunter will tell us some more about 
internal combustion engines. 

It is only our younger colleagues who can speak from practical experience regarding the behaviour 
of these engines at sea, and it is from this standpoint the Author has dealt with his subject. 

The marine oil engine has always appealed to me as a most complicated machine, with its many 
cylinders, valves, shafts, etc., and I am not surprised at the man who was sent down to take charge of 
such a machine rushing on deck, exclaiming, “They told me it was an internal combustion engine, I call 
it an infernal confusion engine, and I’m going home.” 

It is true, we may regard the engine as a series of single cylinder engines where all the component 
parts are merely duplicated, but such a vast assembly of moving parts, each requiring very careful 
adjustment, increases the danger of a breakdown, calls for incessant vigilance on the part of the engineer 
in charge, and also requires an excessive amount of spare gear to be carried to affect the necessary repairs 
at sea. One of my engineering colleagues once told me of an oil-engined vessel which, returning from a 
round voyage, was propelled into harbour by a steam donkey pump coupled to the inner end of the 
tail shaft, while on the engine room door was painted the notice, “ This way to the ruins.” 

The last section of the paper dealing with “ Possibilities” is very interesting, and it is rather 
appalling to think of the 30 cylinders required to equip a ship requiring 12,000 H.P. The Author shows 
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that the power capable of being developed in a single cylinder is limited by the capacity of the metal 
forming the cylinder to transmit the heat of combustion to the cooling medium, and as long as this 
disability exists, it will be impracticable to fit our large ocean liners with oil engines, and the turbine or 
geared turbine will hold the field. 

The Still system referred to in the last paragraph, which it is stated is capable of developing 
5,000 H.P. per cylinder, may solve the problem, although it appears to me to be a case of driving the 
vessel with steam and calling it an oil engine. 

Mr. Heck referred to the 3} x 3} x % expert, but I am certain that Mr. Heck referred to his 
engineering colleagues, for we on the ship side have left 2 behind long ago, we deal in decimals now. 

On behalf of this Association, I have to thank Mr Hunter for his exceedingly interesting paper. 

Before closing our meeting, I have a pleasant duty to perform. As you are all aware, the University 
of Durham has conferred on Mr. Milton, our worthy Chief Engineer Surveyor, the Honorary Degree of 
D.Sc. By his distinguished services to Lloyd’s Register and the important work he has performed in 
almost every engineering committee in this country, Mr. Milton has well earned this distinction, and I 
propose that our Secretary be requested to convey to him our heartiest congratulations. 

The proposal was carried with acclamation. 


CORRESPONDENCE. 


Mr. G. A. Hake, 


I’m sure the thanks of all the members of the Association particularly the engineer members are due 
to Mr. C. N. Hunter for his interesting and instructive paper on the manufacture and working of the 
Diesel engine. Other makes of internal combustion engines are only briefly referred to, such as the 
Still system and Messrs. Doxford’s opposed piston type so that the paper may be considered as purely 
a description of the Diesel engine. 

The present writer unfortunately has had no experience in the inspection during construction or 
working of any Diesel engines so cannot speak from personal knowledge of their capabilities, it is 
however satisfactory to note from the opening lines of the paper that so large a number of Dicsel 
engined vessels are stated to give entire satisfaction and that many are running with entire success. 

The writer holds no brief for Messrs. Doxford’s engine but no one, I think, especially no engineer 
who has seen this 2,600 B.H.P. engine working, can fail to have been impressed by its great simplicity 
and its enormous sense of power, and uniformity of design and perhaps a few comparisons with the Diesel 
engine may not be considered uninteresting. 

Of course broadly speaking the engines are not comparable, the one being fitted with air injection, 
the other having solid injection. 

Firstly, the solid injection does away with a large and costly 3 or 4 stage compressor, the driving of 
which absorbs at least 10 % of the I.H.P. 

Against this of course there is the high pressure injection, 8,000 to 10,000 Ibs. per square inch which 
necessitates very careful design and workmanship of fuel pumps and fuel valves, but the difficulties are by 
no means insuperable. Regarding the fuel pump plungers the writer has seen these working against 
10,000 lbs. per square inch pressure with only the slightest drip at the ram bush, no packing whatever 
being fitted. Messrs. Doxford’s fuel pump is worked off the main crank shaft, owing to the small 
amount of work to be done by the cam shaft it was thought unnecessary to increase the strength of the 
cam shaft to drive this pump were it fitted in the usual position. 

Regarding cylinder covers, of course the Doxford engine has none, the upper piston taking the place 
of the cover, and thus avoiding all defects which unfortunately have been frequent in this part of the 
engine. 

” The cylinder liner is a plain cast iron tube only lin. thick in a cylinder 23ins. bore, the necessary 
strength being obtained by reinforcing, and the piston ends are not dished but have a perfectly flat 
surface and this surface is inefficiently cooled and under working conditions attains a temperature of about 
1,000° F., which helps combustion. 
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The forced lubrication is fed through each of the six main bearings and through the hollow crank 
shaft to all top and bottom end bearings and crossheads the cylinders are fed by sight feed mechanical 
lubricators driven by the back cam shaft. The Aspinal governor is fitted, which controls simultaneously 
the fuel pumps delivery and the lift of the fuel valves. 

Regarding slow running, the Doxford engine has run continuously for periods of half-an-hour at 16 
to 17 R.P.M. without a misfire ; this has, I think, never been equalled or approached in an air injection 
engine, the full speed is about 80 R.P.M. giving a speed range of 5 to 1. 

The engine will not start from cold on fuel oil but is warmed up by passing steam into the cooling 
water, bringing up the temperature of all cylinders and pistons to about 180° F. 

Comparing the power, #.¢., 2,600 B.H.P. with existing 4 cycle installations of the same power, the 
following table is interesting :— 


Doxford engine. 4 Cycle engine. Twin screw. 
4 Cylinders single screw. 6 Cylinders each engine. 
No. of cylinders... vs wae eh 12 
No. of pistons Fe ae 12 
No. of connecting rods ... sail? 12 
No. of main bearings ... .»» 6 (balanced no load) 16 
Suctions valves ... ie ... None 12 
Exhaust valves ... Gs ... None 12 
Feed valves... ERS Sina: 12 
Starting valves ... my ny at | 12 
Relief valves... or fe ok 12 


Mr. H. P. SourHweEtu. 


In thanking Mr. Hunter for his interesting and practical paper, I should like to add a few remarks, 
which, in their turn, I hope will prove of worth. 

he design of a cylinder cover must be based upon practical experience in eyery case, I have known 
six covers, each with the same leading dimensions, but of different design, to be cast for the same single- 
cylinder experimental engine. The last proved satisfactory and met all requirements, although its 
working face was pierced by seven valves, ¢.e., two exhaust, two scavenge, and one each, fuel, starting and 
escape. This was nine years ago, when Diesel engineering in this country was just struggling for 
recognition. 

The care and attention which must be bestowed upon all cylinder head valves is, I think, the best 
argument for the engine with exhaust and scavenging ports. On one occasion in my experience, the 
head of an exhaust valve fell off into the cylinder. ‘The result may, perhaps, better be imagined than 
described. ‘This was caused through the valve spindle overheating and jamming in its guide, with the 
consequence that the piston hammered it on to its seat on each exhaust stroke. The engine speed was 
such, in this case, that the piston delivered about 160 blows per minute, and the damage occurred in the 
space of seconds. 

Compressor troubles, like the poor, are always with us, and I can endorse Mr, Hunter’s remarks, that 
care and constant attention, especially to details, are the secrets of successful running. 

I cannot agree with Mr. Hunter’s suggestion upon air bottle pipe arrangements, for if one bottle is 
to be charged from another, the result will be half the original pressure in each bottle (assuming them to 
be of equal size), which would be a distinct loss. Rather i I suggest that all bottles should feed to 
a common line, each bottle having its own stop valve, so that loss of air in any one would not. affect the 
running of the engine. There could be, of course, two air lines and groups of bottles if desired; a 
H.P. for blast air, and a L.P. for starting. 

Varying the amount of fuel to be delivered to the cylinder has been effected in many ways, more. or 
less successfully. 

The best method I ever saw necessitated the fuel valve lever working upon an, eccentric fulcrum pin, 
the twisting of which governed the distance between the roller-end of the lever and the fuel cam, and 


thus the lift of the valve spindle. In this arrangement the tappit spindle must be independently operated, 
and must have a variable stroke. Failing this, a bye-pass and a relief valve must be fitted to limit the 
pressure in the fuel-pump discharge chamber and pipe. 

I would like to emphasize Mr. Hunter’s advice regarding the importance of frequently checking the 
clearances and adjustments. For the valve gear, this should be done after every run, and an hour thus 
spent will be amply lee by a sweetly running and efficient engine. 

In conclusion, I think the problem of high-powered Diesel installations for marine propulsion will 
not prove so insurmountable, if the advantages of interchangeability are kept well in view. ‘Twin eight- 
cylinder engines are not uncommon, and 12-cylinder engines, though of comparatively small dimensions, 
have proved successful. 

It must be remembered that the majority of the spare parts can be so designed that they will suit 
either port or starboard engine. 


Mr. D. H. L. Conirson. 


Mr. Hunter’s able paper will, I feel sure, be read with great interest. by those who take an interest in 
the internal combustion engine, the future prime mover of the mercantile marine. There are, however, 
some little points in the paper which are not quite clear to me and which I would like to call his 
attention to. 

On page 4, second line from bottom, he states : “as this valve remains open when the engine is in 
the starting position” ; this, I suppose, is a misprint, as if the exhaust valve were open in the starting 
position, the starting air would merely pass out through the exhaust and would not start the engine, 

With regard to water in the cylinders, several failures from this cause have come to my notice, and 
I should like to emphasize the necessity of paying great attention to all joints, ete., where it is possible 
for water to leak ito the cylinders. In H.M. submarines, water in the cylinders was often met with, 
usually through the valves in the exhaust line of piping leaking when the boats were submerged, some- 
times through imperfectly jointed exhaust valves or cylinder covers, and occasionally from other causes. 
The engines of these boats were always turned through at least one revolution with the indicator cocks 
open, before starting up after a dive, or after being stopped for a lengthy period. This rule was rigidly 
adhered to, and no doubt saved many accidents of the nature described, and could with advantage be 
carried out in other vessels. 

I should like to emphasize the Author’s remarks on page 5 on fuel injection valves, particularly as 
to the care required in adjusting and refitting them. It is the practice in H.M. service for submarines 
on their return from a trip to take out half their injection valves and send them to the parent ship, 
where they are dismantled, cleaned, refitted, and tested in a special compartment kept for that purpose 
only ; this compartment was always kept perfectly clean and as free as possible from dust. Whilst it is 
not possible in merchant vessels to have a separate compartment for this purpose, still it should be 
possible to fit a vice bench in some corner away from draughts, which could be kept clean and free from 
lumber and used only for this purpose. 

Near the bottom of page 5, the Author states “that air cooled pistons could never be considered a 
success.” Where large cylinders are concerned, this is so; but in small or medium sized cylinders, air 
cooling has been, and is still used with success, and in my opinion should be used as much as possible as 
it does away with complicated cooling mechanism. The submarine engines are all air-cooled; the 
diameter of their cylinders is 144ins. 

The dishing of the piston tops has also a further advantage in that it tends to make the combustion 
space more like a sphere, the ideal sbape for combustion. 

I am particularly interested in the Author’s remarks on air compressor coolers on page 6, especially 
Wigh regard to the wear of the coils and the safety dise. I have several Cammellaird Fallagar engines 
building under my survey at the present; in these engines the interstage coolers are all made with 
straight steel tubes expanded into tube plates ; the air passes through the tubes, the water round them; 
each cooler is in a separate casing and entirely separate from the compressor casting, and a renewable 
disc of dexine, about 4ins. in diameter, is fitted to each casing, and so arranged that it will burst at a 
pressure slightly in excess of the pressure of the cooling water. 

On page 7, a separate fuel pump for each cylinder is favoured. I believe this gives the best 
efficiency with blast injection, but it has been found when solid injection is used, that the smoothest 
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running is obtained, and the efficiency not materially reduced, when the fuel pumps are connected to a 
common discharge pipe, so that the pressure behind each injection valve is the same on every cylinder. 
If it is desired to cut out a cylinder, it may be done by closing a valve isolating its injection valve from 
the common discharge pipe. 

In conclusion, the Author mentions some developments which are taking place in internal combus- 
tion engines. He may be interested to learn that Messrs. Cammell Laird are at present building an 
experimental engine from which they expect to get at least 800 B.H.P. per cylinder. 

A point which does not appear to be receiving the attention it merits, except in the Still engine, is 
the heat contained in the exhaust gases. 

A very ingenious device was fitted in some of the German submarines. The exhaust gases, or a 
portion of them, could be discharged through the evaporator ; the feed was supplied from the discharge 
side of the water circulating system, the steam generated was circulated through the boat for heating 
purposes and finally condensed into fresh water. Such a fitting as this would be of great use in a 
merchant ship. : 

In conclusion, I feel that I must thank the Author for his very interesting paper, and trust that 
before long he will favour us with another on the same subject. 


Mr. ©. H. L. Pinprrcs. 


The reading of Mr. C. N. Hunter’s paper on internal combustion engines has been of the 
greatest interest to me, and without doubt the fund of useful information given therein will be much 
appreciated by the members of this Association. 

Some eight years ago I was very closely watching new Diesel engine construction by a big firm, 
newly started in the West of Scotland. Then, some of the arrangements struck me as being decidedly 
poor—looking at them from the seagoing man’s point of view—but, no doubt by now things have very 
much improved generally. 

One of the poor arrangements I noticed eight years ago, is mentioned in the paper under the head 
of cylinder liners, #.¢., piston cooling. The first idea produced for taking the water from outside the 
casing to the piston, was by means of two pipes with an elbow joint between them, the other end of one 
pipe being attached to the crosshead, and so on up the rod to the piston, while the other end of the 
other pipe had a special connection with rubder tubes to a fixed pipe outside the casing. This idea was 
soon discarded, as I thought it would be, owing to its complications, washers, springs and numerous other 
parts at the elbow joint. The next idea put forward, and still seems to be going strong, is the telescopic 
pipe, as shown in Fig. 12, by the Author of the paper, but this arrangement also seems somewhat 
complicated and made up of too many small pieces. Surely we hayn’t arrived at the best and simplest 
yet. While in Scotland I made a design for oil cooling piston heads, and, so far as I know, the plan is 
still in our Glasgow office. Oil cooling is a straight ahead job, strong, and the minimum of parts, and 
providing the main, top and bottom end bearings are kept in good condition, a good oil used, and 
pressure maintained, there should be no failure. The only weak point I can think of in this system 
is the owners’ point, viz., the big first cost of a large quantity of good oil. 

If piston heads must be water cooled, I firmly believe that nothing but distilled water should be 
used as, without doubt, cracks found in the pistons are very largely due to the incrustation of foreign 
matter on the cooling surface. 

It will be interesting to hear what is to be said about the Still system later. 

In concluding these very hurried remarks, I wish to thank Mr. Hunter for his useful paper. 


Mr. J. Houston. 


I have read Mr. Hunter’s paper on internal combustion engines with great interest, and at the 
outset of my remarks I would draw attention to the title being somewhat of a misnomer, as the Author 
limits his remarks to engines operated on the Diesel principle. He also limits his paper to Diesel engines 
with air injection of fuel, but, in my opinion, the solid injection of fuel merits considerable attention, and 
I hope to be excused if I confine my remarks in that direction. To begin with a more satisfactory 
nomenclature would be “ Mechanical Injection,” as after all, this is a more correct technical interpreta- 
tion of the system. The injection of the oil is accomplished by means of the fuel pumps which are 
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driven by gearing off the main engines, and which deliver the oil at a pressure of about 4,000 Ibs, per 
square inch to a fuel main. This isa pipe running the length of the engine and fitted with leads to each 
spray valve, the latter being cam-operated spring-loaded valves, similar in general principle to the 
ordinary air blast fuel valve, though there is no pulveriser, nor are there any injection air connections. 
When the spray valve is opened by the cam, the fuel is sprayed through the nozzle into the cylinder. 

The nozzle consists of a ball end to the spray valve body in which are drilled holes +3%5 of an inch 
in diameter and countersunk on the outside, the numbers of these holes corresponding to the diameter of 
the cylinder and the power required. The nozzle ends are usually made of tool steel to stand the heat 
and the erosive action of the fuel whilst being sprayed at the high pressure of 4,000 Ibs. per square inch. 

This pressure might make some people uneasy, but there is no difficulty in keeping the joints tight, 
and as the pipes and connections are submitted to a test pressure of 6,000 Ibs. per square inch, safety in 
that respect is ensured. 

With regard to the consumption of fuel it is claimed that the solid injection is at least as economical 
as the air injection in similar circumstances, and there is no doubt about the initial cost and upkeep being 
less in the former system, when one considers the cost and upkeep of a high compression air compressing 
plant, running continually. 

With the solid injection engine the air compressors are only required for charging the air reservoirs 
for manceuvring purposes, and need not be run at all between ports in ordinary circumstances. Further, 
the air reservoirs for the high pressure air blast are usually made so small that internal examination of 
them is impossible, whereas for manceuvring purposes a maximum pressure of 600 Ibs. is ample, and the 
reservoirs can be made of sufficient diameter to allow of a 16in. x 12in. manhole in the end plate, 
which permits of a thorough internal examination being made. 

I have seen many solid injection spray valves tested in the open, and there is no doubt about the 
spray. It comes out from the nozzle in needle-like forms from the minute holes, and these needles of oil 
will pass through a flame without igniting. At a little distance away from the nozzle these needles 
begin to break up and look white, and shortly afterwards they rapidly expand into a mist which floats 
away. I should imagine that when sprayed into compressed air the needle of oil will break up more 
quickly than in the open. 

Tn starting up a solid injection engine it ig necessary to prime the fuel system thoroughly with a 
hand pump, if the engine has been standing some considerable time, or if any of the fuel pipes have been 
disconnected. Otherwise it is evident that considerable starting air would be used to turn the engines, 
simply to pump oil up to the spray valves. 

‘A vessel of 10,000 tons dead-weight, fitted with two sets of engines similar to those mentioned 
above, has been ploughing across the Atlantic regularly for almost a year with a total “all on” 
consumption of about 12 tons of oil per 24 hours, whilst maintaining a sea speed of 11 knots. Almost 
two tons of this per day is burnt in a donkey boiler. The consumption per B,H.P. works out something 
like “42 Ib. per hour. 

This consumption should, and no doubt does, appeal to shipowners, and there is every prospect of a 
large development in motor vessels when shipbuilding conditions become more normal. ‘This fact makes 
Mr. Hunter’s paper an appropriate one, and our Association is indebted to him for his contribution. 


Mr. P. T. Brown. 


I agree with the Author in his remarks regarding the auxiliaries. The arrangement in Fig. 2 which 
Mr. Hunter condemns is one of which I have some experience. t ; ' ‘ 

It is my experience that more trouble is experienced with auxiliaries than with the main engines, 
and I cannot but think that a reason for this is that the majority of builders concentrate on the main 
engine and neglect the auxiliary. 

CyninpeR Covers. The Author states that cracked covers are the result of obstructed passage for 
the circulating water. A better expression would be that they are the result of bad design. Too little 
metal is frequently left between the inlet and exhaust valves—not sufficient to withstand the stress 
produced by the difference in temperature. Of course, it is extremely difficult to get in a large inlet 
and large exhaust valve. A good solution of this difficulty is, I think, that adopted and patented 
by Messrs. Franco Tosi. A description of this may be of interest: They use the same valves for 
both inlet and exhaust. The two valves lead to a common passage in which is contained the 
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The Diesel engine has always claimed amongst its advantages reduced weight, increased cargo 
capacity and lessened consumption, as compared with the Steam engine. That it has these there can be 
little doubt when all goes well, but if one may judge from the records of repairs and renewals in ships so 
fitted, there are other things occurring which stand out against the good points which are claimed. 

What makes for trouble in engines of this type is the high temperature within the cylinder and the 
shock caused by the explosion of the gas. It is a very severe test to any metal to have one side exposed 
to a temperature of 2,000° F., and water passing in contact with its other side, at 80° F. Add under 
such circumstances the shock of explosion acting on a cover in which initial stress may have been set up 
in casting, and you have all the conditions required to account for the failure of cylinder covers in 
Diesel engines. I have always felt that in the matter of cylinder cover manufacture the makers of such 
engines might have done better. The covers, I think, could have been stamped out and bolted and 
stayed together, made of mild steel. The cover would have stood better under working conditions and 
given more satisfactory results than covers made from castings, The passages usually seen in these 
covers, for the passage of starting air, fuel, etc., would be provided by tubes screwed into the top and 
bottom plates, binding them together, with such additional stays as were necessary to give a cover 
sufficient to resist the explosive working forces. 

Engines of this type require much more attention and great care in the lubricating arrangements, 
and while the advantages claimed for them are great, the more complicated nature of their construction 
calls for a larger engine room staff for overhauling in port and keeping watch at sea. 


Mr. A. Munro. 


As a ship surveyor T shall not attempt to criticise or give any opinion on Mr. Hunter’s paper, 
excepting from a commercial point of view. The paper only touches on this in the last line as a sort of 
dying gasp, and from the discussion I have listened to this afternoon I very much doubt his statement as 
to upkeep cost. I should have liked to know something as to the advantages claimed over other types 
of engines, such as : what is the saving in weight, space, consumption, original cost, upkeep and running 
expense. In the case of turbine engines which have now been made adaptable to merchant ships by the 
addition of gearing, a comparison was made with the steamship, Carrnross, built in 1913, and fitted 
with Parson’s geared turbines, and a sister vessel fitted with triple expansion engines, on a run of 
36 hours in the English Channel, in weather which was described as terrific. The turbine engine 
showed an economy of 15% in fuel consumption over her reciprocating engined sister, and a saving 
of 20 tons in weight, and [ should have thought Mr. Hunter could have given similar comparisons in 
respect of the internal combustion engine, as, after all, for the purpose of a cargo ship it is economy 
aan ease of handling which is sought after, together with high propelling power, and on these points 
Mr. Hunter gives no information. 


Mr. R. Ler ANNEAR. 


Mr. Hunter confines his attention in this interesting paper to the 4-cycle blast injection Diesel 
engine, though the title would suggest a wider field. 

The number of auxiliaries necessary to these engines is large, in general each auxiliary ean only be 
used for its unique purpose, and it appears to be difficult to simplify the general arrangement. ‘This 
involves supplying a large number of spare parts for auxiliaries in addition to the spares for the main 
engine. 

F With regard to the trouble experienced in the cylinders, both with pistons and covers, the fact that 
there is a temperature of 2,000° F. (some say 3,000° F.) with a pressure of 500 lbs. per square inch 
alternating with a temperature of say 100° F. and a little more than atmospheric pressure is sufficient 
cause for cracks and flaws, and it seems doubtful whether the cooling water should bear any blame. 

It is certainly a point in favour of the 2-cycle Sulzer engine that there is only one opening in the 
cover. 

When it is remembered that the Diesel was originally designed to use coal dust for fuel it seems 
paradoxical that the most of the accidents are attributable to dirt and that the wearing surfaces in general 
require very little attention. ; 

Mr. Hunter has enumerated some of these accidents and the indications by means of which their. 
sources may be discovered. 
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During the survey of a vessel with Diesel engines—twin screw—the engineer was asked his 
experience of their reliability. He gave the engines an excellent character both for manoeuvring and 
running, and said that the only misfortunes he had during some years experience were attributable to 
carelessness on the part of his staff. 

Whenever possible he lifted the covers, examined the pistons and changed the valves. If these 
valves were requiring attention they were overhauled and made ready for the next inspection. He very 
rarely had to re-adjust the bearings and the most of the work required was cleaning. His principal 
enemy was dirt. 

Professor Scholes recently gave the overall efficiency of the Diesel engine as 33 % of the fuel energy 
compared with oil burning boilers giving 14%. Comparing this with the possible §% of coal burning 
steam engines, doubtless shipowners and engineers will look with favour upon the Diesel in spite of the 
extra first cost. 

As one who has had no experience of these engines at sea I must express gratitude to Mr. Hunter 
for this practical and well illustrated paper. 


Mr. J. McoMitnan. 


The trouble of cracked cylinder covers docs not apparently affect the Doxford engine which dispenses 
with the covers altogether. 

This engine, although somewhat elephantine in its proportions does actually reduce the revolutions 
to a reasonable sea speed of 75 to 80 revolutions per minute. 

These two points seem to be distinctly an advance on previous types. 

In the Still engine, surely if the Diesel itself being—practically speaking—only vaguely understood 
at sea, it is unfair to impose a steam system in addition to the Diesel upon the unfortunate engineer. 


Mr. C. N. Sruart. 


In common with most of my engineering colleagues, [ have read Mr. Hunter’s paper on internal 
combustion engines with considerable interest, not from the standpoint of a critic, but from that of a 
novice, eager for information. The men who have had the experience with the running of these engines, 
are few, and any information which can be supplied regarding the behaviour of the Diesel type of engine 
at sea, is sure to be invaluable to such as myself. 

It would appear, on the face of things, that the Diesel engine from the view point of economy, has 
no rival; excepting perhaps the Still system, which is really nothing more than an improvement of 
the Diesel, and which has shown a rather greater saving in fuel, when tested under precisely similar 
conditions with the pure Diesel type engine ; the fuel consumption of the Diesel appears to average about 
4 Ib. per B.H.P. as against 1 Ib. per B.H.P. for turbines, or 14 per B.H.P. for reciprocating engines. 

‘lo be taken into consideration with the above there is the important factor of saving in machinery 
space, and the lessening of the numbers required for the engine room staff. 

The disadvantages appear to be mainly those of a mechanical or experimental nature ; it would 
appear that such difficulties as cracked cylinders or covers, will continue to be a constant source of anxiety 
until the chemists get to work and evolve a cast iron, or some material sufficiently tough, and having 
sufficient tensile strength to withstand the stresses set up by the high temperatures to which the cylinders 
are subjected. I note that Mr. Hunter states that the cylinder covers are generally of cast iron—in these 
days of improved methods, it would appear that a cast steel cover would answer the purpose better. 

Regarding the shape of piston end; Fig. 9 shows a concave shaped piston, which I presume 
it pretty general practice now, but the ouly example [T have come personally into contact with, had a 
sloping top, sloping downwards towards the exhaust part, the idea being that the exhaust gases would be 
swept more readily from the cylinder, which reasoning sounds quite feasible. 

One of the great drawbacks to my mind, of the marine Diesel engine is the large rotating mass, 
forming the fly-wheel. This necessarily introduces an added element of danger, in fact I believe there is 
on record the case of a vessel sunk at sea through the fly-wheel bursting, and the flying fragments passing 
through the ship’s sides. It would be interesting to know whether the gyrostatic action of these fly-wheels 
is sufficient in the case of a single screw vessel, to make itself felt, alse whether the tank top and floors in 
way of the aft part of the Diesel engine should not be specially stiffened or thickened up. 
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Tt has often struck me that the function of the fly-wheel could be as efficiently carried out by some 
aoe of electrical ‘ boosting,” but not being an electrical expert myself, the problem is of course 
yond me, 


Repty By Tur AvutTHor. 


I feel more than pleased at the reception you have given my paper ; my intention when writing 
the article was to create discussion. The result has exceeded my expectations. 

Several of the speakers have referred to the cylinder cover, its design and material of construction. 
Fig. 4 is the type of cover used in the earlier engines; in the latest design a much freer circulation 
space is provided, and up to the present I have not heard of any mishaps where this latter type has 
been adopted. 

The metal used is a matter for the metallurgists to decide. The combination inlet and exhaust 
valve mentioned is one of the latest developments, and its progress will be eagerly followed. One 
proposal for making the cover in two parts was patented by a well known London Diesel engineer about 
five years ago, and a number of such covers have been fitted on two-cycle engines, up to 250 B.H.P. 
vad cylinder, and are said to have proved efficient. I have no knowledge, however, of them having 

en fitted on a ae engine, up to the present. 

The marine Diesel engine can now be manceuvred with as much ease and certainty as any steam 
engine. There are two systems of reversing gear which give entire satisfaction, namely, by using a 
servo-motor, or an adaptation of “ Brown’s Hydranlic Gear.” An electric system is being tried, but 
I doubt whether it will find favour with marine engineers. 

Referring to Mr. Young’s remarks in starting, it is the usual practice to turn the engine through 
a complete revolution before starting, and with a suitable turning gear this is quite an easy matter, but 
in cases of emergency this precaution is sometimes neglected. With regard to the remarks on air 
compressors driven direct or by a separate engine, the air compressor driven direct from the mains has 
proved to be a most satisfactory arrangement. However, as mechanical injection has been adopted by 
several well known makers, and is said to be highly satisfactory, it may be that in the near future blast 
injection will be cut out altogether. 

Mr. Blocksidge refers to the limited size and the possibilities of fitting the Diesel engine into 
lifeboats, or small craft. This engine is not at all suited for this purpose. In my experience I have 
found that the smaller the engine the greater the troubles encountered, also the weight of the instal- 
lation is more than desired for small work. 

Reference was made to the engine from an economic standpoint. This is a matter on which a great 
deal of discussion has already been dealt with, both in the Press and various engineering institutions. 
However, there is no doubt about the economy of the engine. The comparison between Diesel, oil fired 
boilers and geared turbines was fully gone into by Jas. Richardson, B.Sc., in a paper read in November, 
1920, before the Institution of Engineers and Shipbuilders of Scotland. This paper is well worth 
reading by those interested. 

Mr. Robson raises a very important question from a shipbuilders’ point of view, #.¢., “ vibration of 
the structure.” On our large engines this is a matter which gives least trouble, but in the smaller sets, 
especially the hot bulb type high speed, one must admit that with certain engines the vibration is 
considerable. To go into this matter thoroughly entails the question of design, and that is not within 
the scope of this paper. 

Mr. R. Balfour is in favour of Diesel driven refrigerating plant. This matter is now being considered 
by several ship owners. A scheme put forward some time ago was to instal a Diesel plant aboard, to 
generate power for driving all the auxiliaries, including winches, and thus cut out the steam plant except 
for main engine purposes. This proposal, in my opinion, merits consideration. 

Mr. Carnaghan refers to the cleaning of the compressor coils; boiling out with caustic and then 
steaming out gives very satisfactory results. I am pleased to hear that a prominent ship building firm 
design their intercoolers with straight tubes instead of coils. The finished article will take up a little 
more space, but I am convinced this arrangement will in the end be the most economical and satisfactory. 

Mr. Southwell questions a statement I made regarding the air line connecting the bottles. The 
system I referred to is used in the case of auxiliary engines in which all the bottles are maintained at the 
same pressure. The injection bottle is usually smaller than the starting, and can be charged from the 
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starting bottles without any great loss to the latter. The pressure in the starting bottles is usually much 
greater than is absolutely required. The main engine blast bottles can be pumped up from any auxiliary 
engine compressor, and the starting air receivers are charged to 300 lbs. by auxiliary compressors. 

For Mr. Collinson’s information I would like to state that the engine I referred to was a 4 cylinder 
set fitted with a starting valve on the inside cylinders only, the accident occurred in the after cylinders 
where no starting valve was fitted. 

Mr. Pilditch seems to favour cooling the pistons with oil or distilled water. 

The oil cooled piston for large engines has proved both unsatisfactory and very costly. Even the 
very best oil soon carbonises, forms a carbonaceous deposit on the piston, and in time the oil becomes 
heavy and thick, and loses its lubricating properties. 

Distilled water for piston cooling certainly is a good suggestion, but I doubt its practicability. It 
may be of general interest to the members to know that a certain well known continental firm who have 
a large fleet of Diesel-engined vessels are now using in some of their vessels a system of fresh water cooling 
for the cylinders and covers, etc., and salt water for the pistons. The system has many points in its 
favour. For instance, the circulating passages no longer get choked up with sand, mud and other solids 
which are carried through with the circulating water, especially in shallow waters. This obviates the 
necessity of drawing liners frequently—a very costly proceeding. 

Several of the speakers have referred to the Still engine as rather a questionable competitor. In 
conclusion I would like to state that a very successful trial lasting several months has just been completed 
on a cylinder of 350 B.H.P. ‘ 
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FLOATING DOCKS. 


There are three accepted ways of recovering vessels from the water for purposes of cleaning and 
repairs, the most common method in this country being by means of the graving dock. The other 
methods are the slipway and the floating dock. 

The slipway is not regarded with favour excepting in the case of small vessels, but the floating 
dock has been successfully adopted for docking practically any class of vessel. It is of this latter 
which TI will endeavour to give a general description. 

Like many other notable inventions, the floating dock was the outcome of an extraordinary 
circumstance. The captain of an English ship, in the time of Peter the Great of Russia, found himself 
in the harbour of Cronstadt with his ship requiring to be docked. The then usual practice of grounding 
the vessel at high tide not being possible owing to the absence of tides in the Baltic Sea, the captain 
purchased an old hulk, named the “ Camel,” removed the whole of the interior portion, decks, beams, 
etc., fitted one end with a gate, and thereby created the first floating dock on record. No doubt 
this crude form of dock was improved upon during the next 150 years or so, but no record appears 
to have been kept of the dock building of this period. In more modern times the use of iron 
was adopted in the construction of floating docks. Plate 1 shows the old timber dock at Rotherhithe, 
and Plates 2 and 3 show the old Bermuda dock. 

The development of the invention has been the result of many years patient study and 
investigation, assisted by practical experience, and has now reached the stage which may be termed 
perfection. 

ADVANTAGES OF THE FLOATING Dock. 

The superiority of the floating dock when compared with the graving dock is now generally 
admitted. 

The first and most important advantage of the floating dock over the graving dock is in the 
prime cost. A floating dock to lift a ship of any specified weight entails the outlay of a very much 
smaller capital than would be involved in the construction of a graving dock of equal capacity, even 
when the nature of the ground and other conditions are such that only the at once apparent difficulties 
have to be encountered in constructing the latter, and it cannot be denied by the advocates of the 
graving dock that there are situations where it could not be constructed except at enormous outlay 
and expenditure of time, but there is no river or harbour in which a floating dock could not 
be stationed, provided the depth of water is sufficient to allow it to be sunk, and failing this 
dredging can always be resorted to. It is well known that several graving docks have cost their 
owners sums vastly in excess of the estimated costs owing to unforeseen difficulties arising during 
construction. No such drawbacks, however, have to be contended with in the case of a floating dock, 
as the building of the structure is as a rule much less complicated than the construction of a plain 
cargo steamer, A floating dock can be designed to suit practically any locality or requirements, and 
an exact estimate prepared of the cost under almost any conditions. in the case of a graving dock 
it is practically a lottery. It is also evident that the cost to construct a graving dock in some 
outlandish place would be greatly in excess of that to construct a floating dock in a shipyard and 
then tow it out to its destination. 

In addition, the cost of working a floating dock is considerably less than in the case of an 
excavated dock. The amount of water to be pumped out of a floating dock is in direct proportion 
to the weight of the ship to be docked, while with a graving dock all the water has to be pumped out 
of the dock, irrespective of the size of the vessel to be dealt with. Among other advantages, it may be 
mentioned that when a floating dock is used to lift a ship, the vessel is placed high and dry, exposed 
to the atmosphere and light, instead of being in a damp excavation between concrete walls, where 
there is little circulation of air to facilitate the proper drying of the paint: and thus half of it does 
not come off, as is sometimes the case in ordinary dry docking. 
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Again, in executing extensive ship repairs the handling of material is an important factor in saving 
time and cost. In the case of a graving dock tbe material has to be lifted out or lowered into the dock, 
but with a floating dock it is generally wheeled on to the deck of the dock. 

Not the least of the advantages of the floating dock over the graving dock is that it is not 
restricted to dimensions of the ships it is able to accommodate. With a graving dock, should the 
ship be only an inch wider than the entrance gate or an inch longer or deeper than the dock, it might 
just as well be a mile, as it is impossible for the vessel to make use of that particular dock. 

_ The superiority of the floating dock when compared with the excavated dock is further observed in 
the undoubted advantage the former possesses in not being confined to one station for the term of its 
existence, 

Types oF FLOATING Docks. 

Various types of floating docks have been désigned, mostly by Messrs, Clark & Stanfield, of London, 
who are the only firm of floating dock specialists in this country. The docks can be divided into two 
groups—* Self-docking ” and “ Non-self-docking.” 

Among the best known of the Self-docking types are the “ Depositing”, “* Off Shore’, Sectional 

Pontoon”, ‘* Havana”, and “ Bolted Sectional” Docks, while the ** Box” type of floating dock is non- 
self-docking. 
"The difference between the two groups lies in construction only, the method of docking being the 
same in both cases. The lower portion below the pontoon deck, and generally the lower portion of the 
walls is composed of tanks which can be flooded, thus sinking the pontoon to a required dranght: 
Plate 4 shows a battleship lifted by a floating dock. 

The term self-docking means capability to dock portions of itself on the remaining portions. As 
in the case of a ship, a pontoon is subject to marine growths and fouling of its under water portion, and 
thus means have sometimes to be arranged whereby the pontoon can be docked. Whether self-docking 
facilities in a floating dock are absolutely essential depends entirely on the situation. It is generally 
found that marine growths, which are so detrimental to a ship on account of loss of speed, do not in any 
way interfere with the life of a floating dock, but rather tend to preserve the material. It is not, 
however, the portion of the dock always entirely submerged which suffers most from corrosion, but that 
portion between wind and water, about the normal water-line of the dock, which constantly varies with 
the amount of freeboard given to the floor of the pontoon. This portion is very easy of access when the 
dock is not in use, for by pumping out the water and heeling the dock sideways or endways, it is always 
possible to clean and paint that portion as often as may be found convenient. Naturally this operation is 
not ‘so satisfactory as self-docking the dock ina proper manner, which will be described later. 


Non-SeLr-DooKinc—Box Type. 

The non-“ self-docking ” “* box ” dock which does not need any elaborate description, consists simply 
of. a pontoon with two. sidewalls forming one homogeneous whole (see Fig. 1). Being solidly built this 
type is naturally the strongest form of floating dock which can be constructed. Several have been built 
in this country, among which are two of 32,000 tons lifting power built for the British Government ; 
two for the Japanese Navy, which were shipped in pieces to the far East ; one towed to Port Said to the 
order of the Suez Canal Company ; and two to Para, to the order of the Para Construction Company, 
Limited (Brazil). 

SeLr-Dockxina TYPEs. 

(a) Depositing Type. 

Of the self-docking types the * Depositing” dock is probably one of the oldest. 

This dock is in End Section shaped like the letter “[L,” and the notable feature of it is that it 
can not only dock ships, but owing to its peculiar construction it can deposit them on grids formed by 
groups of piles. The body of the dock, instead of being one continuous pontoon consists of a number of 
separate short pontoons projecting like fingers from the single sidewall, while the stagings on the shore 
are also arranged like fingers, but are so placed that the fingers of the dock can be inserted between them, 
The pumping machinery is contained in the single side wall. 

The question of stability must also be considered in this type of floating dock, and in order to keep 
it’ stable when. being lowered or raised, an outrigger connected to the side wall of the dock by a series of 
parallel booms hinged at each end is fitted (see Fig. 2). For purposes of self-docking the wall is divided 
into two equal parts. To dock either half of the dock, the two halves are separated and the booms are 


removed from the portion to be docked. This portion is then docked on the other half in the usual 
manner. 

Plate 5 shows the depositing dock at Nicolaieff, which was built in 1876, lifting one of the early 
circular ironclads. As these vessels were 120 feet in diameter it can be readily imagined that no other 
dock in the world could take them. 

One great advantage of this type of dock is that it is not restricted to the width or length of ships 
that it can accommodate. A dock of depositing type is stationed at Barrow, and although it is only 
242 feet long and has only a lifting power of about 3,000 tons, it has partly lifted vessels nearly twice its 
length with displacements greatly in excess of its lifting power. Of course the whole of the vessel would 
not be entirely raised out of the water, but merely sufficient to get at the propellers, which was all that 
was required, 

Plates 6 and 7 show the Depositing Dock at Barcelona, which has a lifting capacity of 6,000 tons. 
The principle of this type of dock is clearly indicated in these photographs, plate 6 showing the 
several pontoons of the dock and Plate 7 showing five vessels under repair simultaneously. 

It can thus be seen that in non-tidal harbours or rivers, provided there is a sufficient number of 
erids, there is no limit to the number of ships which one of these docks can lift in rapid succession. 

Several of this type of dock have been built, of which there is one stationed at Vladivostok, 
one at Sebastopol, one at Barrow-in-Furness, and one at Barcelona. 

(b) Of Shore Type. 

The “off shore” dock is a modification of the “depositing” dock (see Fig. 3), and is of the 
same “1,” shaped section, but the pontoon is continuous, and the wall is, as the name implies, 
connected to a series of shore girders by parallel booms hinged at each extremity. The inner end 
is suspended on a cam, thereby allowing the pontoon a certain amount of freedom to list inwards 
or outwards. This type of dock is very simple in construction and is very easily handled. The ship 
to be docked can be drawn in from either end of the dock, or it may be sheered in sideways. It is 
then rapidly centred by telescopic mechanical side shores, and raised in the usual way. 

The vessel is supported on mechanical bilge shores, which consist of strong timber booms hinged 
to the pontoon deck at their inner end, and supported at their outer ends by a cast steel rack which 
can be raised or lowered by worm and pinion gearing driven by gearing from the deck of the side wall. 
Once the ship is centred on the dock the pumps need never be stopped, the bilge shores being adjusted 
as required all the time the dock is lifting. A vessel is so easily docked on one of these docks that 
the sound of a hammer need never be heard during the operation. Plate 8 shows the Penarth off shore 
dock ready for towing to its destination. 

This type of dock is self-docking and is usually constructed in two lengths, so that one portion can 
easily be lifted on the other. Plate 9 shows Messrs. Austin’s off shore dock at Sunderland being self- 
docked. 

Many examples of this type of dock have been constructed, and all have given the greatest 
satisfaction. Small off shore docks of from 400 to 600-tons lifting power have been found to be very 
useful for docking a large number of trawlers at Grimsby and Aberdeen. There is also one at 
Fraserburgh of lifting power 425 tons, and one at Smith’s Dock Co., at North Shields, which lifts 
3,260 tons. The off shore dock is probably the best and cheapest type for lifting powers between 
6,000 and 10,000 tons; the principal objection to larger sizes being the lack of longitudinal rigidity. 


(c) Sectional Pontoon Type, 

The “sectional pontoon” dock (see Fig. 4) consists of a number of separate tanks or pontoons 
which are held together by two side walls. This type of dock is not so strong as the other docks 
owing to its shallow walls; thus it is used only for vessels of medium length, and is not the type 
adopted if it has to be towed a long distance. It is, however, the type which is selected when the 
structure has to be shipped abroad and re-erected ina place lacking building facilities. Owing to its form 
it can be constructed in places where it would be practically impossible to construct any other kind of 
dock. Each of the separate sections may be constructed, finished, and launched. As soon as one section 
is in the water the constructions of the walls may be started with, the other sections being added as they 
are launched. 

The self-docking of this type of dock is very simple, for any section may be unbolted from the 


side walls, drawn out sideways, and docked in the usual manner on the remaining portions. 
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Plate 1u shows the Lagos Dock during the operation of self-docking. This type has been adopted 
for sizes up to 15,000-tons and even 17,000-tons lifting power, but for the latter size special 
precautions are necessary. Among the docks of this type are those at Amsterdam, Bremen, Kobé, 
Fiume and Christiania. 


(d) Havana Type. 

The “ Havana” type of dock differs from the last type in that the separate tanks, usually three 
in number, are fitted in between the walls instead of having the walls standing on top of them, and 
thus greater longitudinal strength is obtained (sée Fig. 5). The bottom of the wall is usually built 
about 24 feet above the bottom of the pontoons. The reason for this is that the self-docking of the 
walls is accomplished by heeling the dock when in its light condition, a very small list being 
sufficient to bring the bottom of the wall well out of the water. Plate 11 shows the Bermuda 
dock undergoing this operation. 

The actual joint between the pontoons and the walls is made by pairs of fish plates secured 
by large tap:red screw bolts to projecting lugs built opposite to each other. 

The top series of lugs is situated about the level of the top of the “alters,” or raised 
portions of the sides of the pontoons, and the other series at a level of the bottom of the walls 
(see Figs. 6 and 7). 

In the “ Bermuda” dock, which is the largest of this type and also the first of its kind to be 
self-docked, there were 62 pairs of connection plates to each side of the centre portion of the 
pontoon, and each pair of plates had 8 bolts in the top connection and 7 bolts in the lower one. 
Since the lower connections are practically under water at light draught, the pontoon had to be heeled 
in the manner just described in order to remove these connection bolts. This was done by admitting 
water to both walls until the dock had bodily sunk to a draught of 20 feet. The water was then 
pumped out of the starboard side and the port side allowed to remain in, thus heeling the dock, the 
starboard wall being 2 feet out of water. 

Three bottom bolts were then removed from the lower connection, the four top bolts being left in 
place. All pipes, etc., below the normal water line were also disconnected, another three bolts were 
removed from each connection, and the remaining single bolts were slacked off but left in place. 

The dock was then heeled to starboard in a similar manner, and all the port lower connection bolts 
were removed except two top ones, which were made hand slack ; then another bolt all along this side 
was removed. The centre pontoon was then connected by the top connections and by one bolt in the 
lower connections at each side. 

"hese lower bolts were next taken out, when the dock was floating level again, thus leaving the 
whole of the weight on the top connections. About 3 feet of water was then admitted into the centre 

_pontoon to counteract the excess of bouyancy which it possessed, owing to the walls bearing the weight 

of all machinery and gear. The top connections were then started with; the four lower bolts were 
taken out of every connection ; then another two out of each, and then another one out of each, and a 
large drift inserted in its place. Careful inspection was then made all round the centre pontoon to 
see if any bolts were nipping; if so, a little water was admitted into the compartment nearest the 
‘connection, either into the pontoon or wall, as required. 

The remaining bolts and drifts were then removed one by one until only six drifts in each side held 
the two parts together. Another survey was then made to see that none of these were nipping, and 
when they were all slack they were simultaneously removed, leaving the centre portion of the dock afloat. 
The calculations were so exact that the whole pontoon only sunk a quarter of an inch. 

Having now this part afloat, water was admitted to the walls and ends, thus gradually sinking 
the outside portion and leaving the centre pontoon floating at about 4 feet draught. When the walls 
had sunk until the bottom of the top connections of the walls were within 2 inches of the top of the 
bottom connections of the pontoon the valves were all closed with the exception of one or two at one 
end. The centre portion was then guided by means of blocks and tackles until one corner connection 
was just entered. The whole of the connections of one side were then entered in order by gradually 
allowing water into each consecutive compartment of the wall. Having one side completely entered, the 
other side was soon entered also. By admitting water into both walls the two connections. were brought 
exactly opposite—the bolt holes of the top connection on the wall exactly opposite the bolt holes of the 
lower connection on the pontoon. 
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Drifts were then inserted into intermediate connections and bolts in the others, until two bolts or 
drifts were in place all round, the two top bolts only being above water. 

The pumps were then started and the water in the walls was pumped out, thus lifting the whole 
dock gradually. As the bolt holes in the connection plates came above water another bolt was inserted, 
until five bolts were in each connection. hy 

The pumps were kept going until the walls were dry and by this time the bottom of the centre 
pontoon or docked portion was 5 feet out of water, and 2 feet above the tank top or deck at ends of the 
pontoon attached to the wall. ‘ 

Thus the centre pontoon, weighing 2,670 tons, was self-docked (see Plate 12). To get the pontoon 
back into its place the preceding operations were reversed. 

An end portion of the pontoon may be docked in an exactly similar manner to that just described. 
for the centre portion. 

There have been several examples of this type of dock built, of which the Havana, Stettin, 
New Orleans, and Durban docks are well known. 


(e) Bolted Sectional Type. 

A later and undoubtedly one of the best and strongest forms of self-docking floating docks is 
the “ Bolted Sectional” type. It is really a modification of the “* Box” non-self-docking type, having 
the longitudinal strength of the latter, but having self-docking facilities in addition. It is built in 
3 sections approximately equal in length, the 2 end sections being symmetrical. The ends of the walls are 
stepped down, the lower step forming a docking land when docking the centre portion (see Fig. 8). 

The joint between the 3 sections is usually a combination of butting angles bolted together for 
the underwater portion, with butt straps for the remainder. The joints of two sections above the 
light waterline can readily be connected, but in order to facilitate the coupling up below the water- 
line, the end bulkheads of each section are arranged at a distance of about 2 ft. from the end of the 
section, thus leaving a chamber abont 4 ft. wide from which the water may be removed, and so 
allow the bolts in the joint angles across the bottom and up the outer sides of the pontoon to be 
inserted. In joining two sections everything above the waterline is first coupled up, and then 
water is allowed to enter an end compartment (remote from the joint) of one of the end sections. 
This has the effect of putting a compression on the bottom of the dock, which by means of the 
compressible compound in the joint (see Fig. 9) makes the underwater portion of the joint tight, and 
thus allows the water to be pumped out of the small end compartment and the bolts inserted in place. 

Plate 13 shows an end section of the Trinidad Dock being docked on the remaining sections. 

Among the docks of this type which may be mentioned are those at Callao (Peru), Trinidad, and 
Rotterdam, one at Rio de Janeiro with lifting power of 22,500 tons, and two at Hamburg with lifting 
power of 36,000 tons each. 

The foregoing are the types best known in this country, but there are one or two other types 
which have been adopted in other countries. 


“Sectional Box” Type. 

A type which is probably the best for very large docks is shown in Fig. 10. It is sometimes 
known as the “Sectional Box” Type, is of the usual box or U-shaped form, and is divided into a 
number of sections connected together by straps, each section being of such a length that it can be 
disconnected, turned end on, and docked on the remaining portion of the dock—that is to say, the 
length of any section must not exceed the breadth between the walls of the dock. A dock of this type 
with a lifting capacity of 40,000 tons has been in use for many years in Germany, and during the 
earlier stages of the war a design was prepared by Messrs. Clark & Stanfield for one of the Allied 
Governments for a dock of this type with a lifting capacity of 50,000 tons. Owing, however, to. 
conditions set up during the later stages of the war, the actual construction of the dock has been held 
in abeyance. A special feature of this design is that a floating generating station, for supplying the 
electrical power for working the pumps, would be moored alongside the dock and attached thereto by 
hinged booms. 

A special feature of the 40,000 ton dock just mentioned is that a separate small pontoon is arranged 
at one end of the dock, on to which two travelling cranes which work on the pontoon deck can be run 
when the dock is being sunk. This separate pontoon also provides a working platform. 
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Six CHAMBER Dock. 

A type of dock which differs considerably from those already described was designed in Germany, 
and a number have already been built (see Fig. 11). In section the dock is of the usual UJ shaped form, 
and the structure is largely composed of open girder work, the enclosed portion being confined to six 
water chambers, shown shaded in the diagram, which supply the necessary lifting power and give the dock 
its name. This type of dock possesses one great advantage in that the lifting power can be very 
readily increased if desired, by simply plating in more of the skeleton framing of the bottom to make 
additional water tanks. 

Hansson Typr. 

A type designed and built in America by the Maryland Steel Company is as shown in Fig. 12. 
This type was the outcome of a somewhat stringent specification which required self-docking facilities, 
but limited the allowable deflection of the dock. The requirements could not be satisfactorily fulfilled 
with any of the types in existence at that time, and consequently the type shown was evolved and 
adopted. The middle portion of the dock for about two-thirds of the total length was made a solid 
trough, while each end sixth consisted of a separate pontoon bolted underneath the side girders which 
formed projecting portions of the central box. The pontoons were provided with supplementary walls 
projecting outside the walls of the main structure, so that when detached they could lift the central 
portion. The pontoons themselves could be docked on the main portion. 


STABILITY. 

The stability of a floating dock differs somewhat from that of a ship. In the case of a ship the 
water lines do not vary much between the light and deep draughts, but in the case of a dock, they vary 
considerably with alterations in the depth of immersion, and a complication is the fact that the draught 
of the ship on the dock which forms part of the system also varies between docking draught and 
nothing. In addition, there are in the compartments of the dock a number of free water surfaces. It 
is, therefore, necessary to examine the stability of a floating dock throughout a whole series of draught 
lines, but unlike a ship, it will not be necessary to examine the stability for a series of angles of heel, since 
the maximum heel of a dock is likely to be no more than about one degree. It is, therefore, only 
necessary to consider the variation in metacentric heights for modifications in draughts. [t should be 
noted, however, that any trim which the vessel might have will effect the stability, and therefore it is 
customary to assume that the ship has no stability at all, i.c.,G.M.=O. If under these conditions the 
dock and ship together have a positive G.M. of say 2 feet to 3 feet, the system may be considered to be 
safe. The most critical period in the lifting of a ship on a floating dock is from the time when the 
bottom of the ship is clear of the water until the pontoon deck is awash. During this period the 
stability is entirely dependent upon the inertia of the two walls only. 

The determination of the stability of the L, shaped type of dock is somewhat different from that 
of the U shaped. It is obvious that during the operation of docking a ship on this type of dock that 
the stability of the system may become very precarious, and consequently additional safety must be 
provided. In the ‘Depositing’ type of dock this takes the form of a floating outrigger pontoon 
which is arranged to provide the necessary stability for the system while, in the case of 
“Off-shore” type, the system is controlled by means of parallel booms attached to rigid columns on the 
fore shore, a cam being arranged at the shore end of the upper boom. The cam works on a centre, 
and is so weighted that only a limited freedom of motion of the end of the boom and, therefore, the dock 
itself is permitted, and the maximum displacement of the boom end occurs when the cam is pulled out 
straight, in which case there is a direct pull on the land ties. Instability due to any cause in this type of 
dock is at once counteracted by the action of the booms in the “ Off-shore” dock and by the joint action 
of the booms and outrigger pontoon in the “ Depositing” dock. It must not, however, be imagined that 
the action of the booms is to forcibly keep the dock in its desired position. The dock and ship should 
be almost completely balanced by the disposition of the water ballast, the principal feature of the booms 
being to indicate the direction in which the dock tends to move out of the upright. Should, however, 
any extraneous action cause the balance to be upset, the booms then supply the effort necessary to restore 
the balance until the disturbance is corrected by readjusting the disposition of the water ballast. 

It is evident, therefore, that the stability during the operation is almost entirely in the hands of 
the dockmaster, who soon becomes expert in the manipulation and distribution of the ballast by simply 
observing the behaviour of the dock. 


Prare 1. Old ‘Timber Dock at Rotherhithe. Prare 2. Old Bermuda Dock. 


Prare 3. Old Bermuda Dock Heeled. Prare 4. Floating Dock lifting Battleship. 


Pratt 


5. Nicolaieff “ Depositing” Dock 


lifting Russian Circular Battleship, 


PLaTE 7 


Barcelona “ Depositing” Dock 
and Three Vessels on Grids. 


Prare 6. Barcelona “ Depositing” Dock. 


Pratt 9. Messrs, Austin’s “Off Shore” Dock Prare 10. Lagos “Sectional Pontoon” Dock 
Self Docking. Self Docking. 


Prare 11. Bermuda “Havana Type” Dock Prare 12. Bermuda “Havana Type” Dock 
Heeled. Self Docking. 


Prare 13. ‘lrinidad “ Bolted Section” Dock 
Self Docking. 


Prare 15. Pump Room of a 
Floating Dock. 


PLATE I4. 


A Floating Dock in course 
of construction. 


Pratre 16, 


Kobe * Depositing” Dock lifting 
Concrete Caisson. 
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In order to reduce the duration of the critical period as much as possible, an air box is usually 
arranged on the outer extremity of the pontoons. This box is as high as, or sometimes a little higher, 
than the keel blocks, and, therefore, as soon as its top rises out of the water it will act as a second wall, 
and if, as is usually the case with one-sided docks, they are worked with a slight heel backwards, the 
air box may be brought out of the water before the ship has been entirely lifted, so that the critical 
period is practically eliminated. 

As in the case of a ship, the longitudinal stability of a floating dock is not so important as the 
transverse stability, but the walls must be of such a length and breadth which will ensure absence from 
longitudinal tipping. 

STRENGTH. 


The strength of a floating dock has to be considered from two main standpoints. The dock 
has to be dealt with first as a floating structure carrying on itself a certain weight in the form of a 
vessel ; and secondly, as a vessel itself, having to be designed to withstand the hydrostatic pressure of the 
fluid in which it floats, at ever varying depths. 

It is obvious that since both the dock and the ship are more or less flexible, it is impossible to arrive 
at an exact solution. Assumptions are generally made regarding the distribution of the weight of the 
sh'p over the length of the dock and for approximate calculations it is sometimes assumed that the total 
weight of the ship is borne by keel blocks extending over only two-thirds of the length of the dock. 

The curve of supports is represented by the lifting capacity of the dock and from this curve of 
boayancy and the curve of weights the bending moment curve can be obtained. 

Resisting these bending moments, it is assumed that the ship acts with the dock, as in fact it does, 
and the moment of resistance curve for the dock and ship are both obtained and added together. If this 
latter curve lies without the curve of bending moments it is considered that the dock is strong enough 
longitudinally. 

The longitudinal strength of the dock may also have to be considered from a point of view of its 
being sufficient to withstand self-docking operations. The transverse strains which come on the dock 
have also to be considered and for this purpose it is generally assumed that the dock is turned upside 
down and resting on the ship’s keel, the loads to be considered being the water pressure acting downwards 
and its own weight acting upwards. 

CONSTRUCTION. 


The construction of a floating dock is carried out in a somewhat different manner to that of a ship. 

A number of rows of keel blocks are erected, the number of rows depending on the breadth of 
the dock, and in order to obtain a continuous support angle irons are arranged on top of the keel blocks 
right fore and aft. 

Two gantries fitted with railway lines are arranged so that they will be in between the two walls 
of the dock, and, by means of travelling cranes, both the centre pontoon part and also the walls can be 
erected (see Plate 14). 

When the dock is nearing completion the gantries in way of the dock are gradually removed by 
the cranes themselves, and eventually each crane is left standing on a portion of its gantry quite clear 
of the dock. It is then a simple matter to finish up the construction of the dock in the parts where 
the gantries were standing. 

One great advantage that the floating dock has over the graving dock is the rapidity with which 
it can be constructed. The ‘“ Havana” dock, with a lifting capacity of 10,000 tons, was built, 
launched, and towed a distance of 6,500 miles in a little over 11 months, and was ready for immediate 
service on arrival at Havana. The “ Stettin ” dock, similar in design to the “ Havana” dock, was an 
even more remarkable performance. The Vulcan Company of Stettin were desirous of undertaking a 
very important ship-lengthening contract, but not having adequate docking accommodation they naturally 
hesitated to do so. However, they consulted Messrs. Swan, Hunter & Wigbam Richardson, of Wallsend, 
and having satisfied themselves that a dock could be built soon enough to be of service, placed an order 
with them for a floating dock of the “*‘ Havana” type to lift 11,000 tons in 25 hours, the dock to be 
delivered afloat at Stettin and ready for work in 9 months. As a matter of fact the dock was delivered 
within 74 months and the first vessel docked within 8 months of the time the dock was first contemplated. 

Another example of very rapid construction is the Port Said dock which has a lifting power of 
8,000 tons, and which successfully lifted its first ship within 4 months from starting the dock. 
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Two floating docks for Para of the “box” type built to the order of the Para Construction 
Company, Limited, Brazil, were lannched only 49 working days after the first plate was laid, and a ship 
was lifted on each 5 days later. 


Pumpmnc Pant. 


The pumping plant generally used in floating docks does not require any elaborate description. The 
amount of work done when lifting a ship is in direct proportion to the weight of the vessel lifted. In 
most of the different types of floating docks, a main pipe of varying diameter runs from end to end 
of the dock at the bottom of the side walls. On this pipe the sea connections for the inlet valves 
and the branches for the distributing pipes are placed as may be required. ‘lo give the dock the 
requisite stability when working, the pontoons and walls are sub-divided into a number of separate 
watertight divisions, each having its own flooding and draining pipe and air pipe. Flooding and draining 
goes on through the same pipe in each compartment so that one set of pipes only is required for this 
purpose. The pumps are usually of centrifugal vertical spindle type, and are seated directly on to the 
main drain, taking water from the under side and discharging it at their own level into the sea. The 
motors for driving the pumps may be either steam or electric, and are generally placed on the top deck of 
the side wall. The connection between the pump and motor is by vertical shafting, supported at 
intervals by plummer blocks attached to the internal framing of the dock’s wall. The weight of the 
shafting and pump impeller is carried by a ball thrust bearing in the motor bedplate. 

In docks, the machinery of which is driven by steam, the engines are of simple high pressure type 
for low powers and tandem compound type for high powers. When cheap electric power is available, it is 
undoubtedly the best that can be employed, especially for “ off-shore” docks, thereby dispensing with the 
weight of the boilers, etc., and also reducing the number of permanent staff required. In manipulating 
the dock, the various valves are controlled from one central station, and in some instances, where there 
are a large number of different compartments, it is found convenient to group several compartments 
together, so that the number of controls in the valve house shall not be excessive. Plate 15 shows a 
pump room of a floating dock. 


Urmity. 

There is practically no class of repair work which cannot be successfully accomplished on the floating 
dock. Extensive repairs, lengthening, painting or whatever it may be, the floating dock may be used. A 
fine performance was recently accomplished by the Morse Dry Dock and Repair Company in their 
Brooklyn yard, New York. Tbe White Star Liner “Canopic” was in need of dry-docking, for the 
purpose of repairing a broken propeller blade, and this was successfully accomplished in one of the 
floating dry docks belonging to the Morse Repair Company in the remarkable short time of 25 minutes. 

It is stated that the officials of the White Star Line were somewhat concerned regarding the 
expected disruption of sailing schedules, and consequently they were greatly impressed when the hull of 
the vessel was completely out of the water within 25 minutes from the time the pumps of the dock began 
to work. The damage was quickly repaired and the ‘‘Canopic” left 28 hours and 45 minutes after she 
entered dry dock. 

In January 1920 the ** New York,” of the American Line, was lifted in 18 minutes actual pumping 
time by this same Morse dry dock, and later the s.s. ‘* Minnesota,” one of the largest cargo ships in the 
world was lifted in 25 minutes, which is said to be a record for a ship of this size. 

Several years ago the Vulcan Company, of Stettin, previously mentioned, docked the North German 
Lloyd steamer “ Spree” on a floating dock, cut the bow end of the vessel adrift and drew it out, ready 
for inserting an extra portion, all within 3 weeks from the time of docking. 

In another instance, when the ‘ Deutschland” had lost her rudder at sea, together with a part of the 
stern frame, the firm of Blohm and Voss, of Hamburg, took the repairs in hand. 

The vessel was docked on one of their floating docks in its normal position, and then the dock 
and the vessel towed under a 150-ton crane, and this readily allowed the old stern frame being removed 
and a new one placed into position, together with a new rudder. 

Again, when the same firm were given by the German Admiralty the job of docking one of their 
large cruisers, the “Scharnhorst,” which had been badly damaged, they found that there was not 
sufficient depth of water to dock it on their No. 4 dock in its normal position, and their No. 3 dock 
at the time was occupied by the North German Lloyd liner “ Kaiser Wilhelm der Grosse.” 
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The No. 8 dock with the * Kaiser Wilhelm der Grosse” was therefore towed over to the south 
quay and the No, 4 dock towed into the position No. 8 dock originally had, and there the cruiser was 
docked on No. 4 dock. 

These operations took place during a strong wind and heavy snowstorm, and was a brilliant 
demonstration of the mobility of the floating dock. The two large docks with the contents, together 
representing at that time a capital of not less than 2 million sterling, were now both away from their 
normal positions, yet the repairs on both vessels were carried out with the greatest facility. 

The utility of the floating dock was clearly demonstrated during the construction of the piers of 
the harbour at Kobé, when a dock of the depositing type was used extensively. The piers have a 
length of 8,500 ft., and were constructed of reinforced concrete caissons which were floated into place 
and then sunk. It was easier to construct the piers in this manner, as solid blocks of concrete would 
have been difficult to handle in the rough weather which is often experienced in that neighbourhood. 
The caissons were roughly about 119 ft. long, 35 ft. 6 ins. to 41 ft. 6 ins. high, and 24 to 30 ft. broad, and 
were constructed on piles on shore, the tops of which were just above the high water level, and 
arranged so that the fingers on the dock could go in between them. When a caisson was ready to be 
transported to its required position the dock was sunk and taken under it. On pumping out the dock 
the caisson was transferred from the piles to the dock, which was then withdrawn from the piles and 
sunk again, when the caisson floated off and was ready for towing to its specified position. ‘The dock 
was then free to deal with another caisson. Plate 16 shows a photograph of the dock and a caisson 
which it has removed from the piles. 

In conclusion, I wish to thank Messrs. Clark and Stanfield, and also the Editor of the 
Shipbuilder, who have supplied me with photographs, lantern slides and much information. 
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Mr. R. M. McLaren. 


1 suppose the object of discussion on a paper is to criticise it, but Mr. Webster has given us such an 
excellent description of floating docks that it is not easy to point out defects in it. 

The paper covers thoroughly the various kinds of pontoon docks, and Mr. Webster enumerates their 
merits at some length. 

The Author is a strong advocate of the pontoon dock as against the graving dock, and one might be 
excused if, after a perusal of the paper, he came to the conclusion that the relative merits of the two 
types had been settled unanimously and for ever in favour of the former—the pontoon dock. 

Such a conclusion would not be correct. The advocates of the graving dock are not less staunch in 
its support than is Mr. Webster in upholding the floating dock, and I have no doubt that graving docks 
will continue to be excavated in spite of the merits of the floating rivals. 

On looking through the list of docks, etc., in the appendix to the Register Book, it is rather 
surprising to find how comparatively few large floating docks there are. 

In the case of a large ship-repairing firm, a new branch of which was established quite recently, I 
observe that several new graving docks were constructed, but that no pontoons were provided—and in 
connection with the construction of what were intended to be National Shipyards on the Severn, a graving 
dock was commenced though never completed. Doubtless the Authorities had considered the question of 
using a floating dock instead, but had decided against the latter. By the way, are floating docks, 
especially of the “off-shore” type, practical propositions in such a river as the Severn, with its abnormal 
rise and fall of tide ? 

I think the Author has allowed his enthusiasm for what has been already done to get out of hand 
when he tells us that the development of the pontoon dock has now reached a stage which might be 
termed perfection. The fact that there are so many designs of each type shews that no one design 
possesses the merits of all the others, and it might be safe to prophesy that attempts will be continued to 
improve the present designs of docks. 

With regard to the statement that paint on a ship dries much sooner in a pontoon than in a graving 
dock ; doubtless there is some foundation for the claim, though I question if in the box type of pontoon 
there is much advantage in this respect over the excavated dock. Even in the “off-shore” type one side 
of the ship is sheltered by the vertical wall of the pontoon. 

If Mr. Webster had to stand on the weather side of an “off-shore” pontoon to make an extensive 
damage survey whilst the wind was blowing across the ice-covered water, his thoughts would turn towards 
the more protected graving docks. I believe the men can work better in the excavated than in the 
floating dock—in cold as well as in hot weather. 

The advantage of handling plates, etc., is not all in favour of the open dock, as, of course, in deck 
and topside repairs the material has to be raised into place, whereas in the graving dock such material is 
simply swung across from the sides of the dock. Also, unless passages are made in the side walls, the 
material that is not ‘‘craned”’ has to be landed on the ends of the pontoon floor, and from that position 
carried into place. In a well equipped dock the material can be placed directly in “situ” by cranes. 

The advantage of having mobile docks was demonstrated during the War, when a large 650 ft. 
pontoon was moved from the South Coast to the North, where it was most urgently required for repairing 
battleships. Against the less first cost of constructing a floating dock as compared with an excavated 
one, there must be added the expenses of towage and insurance. These are items of considerable amount. 


1 think I am correct in stating that a large pontoon dock was lost some years ago in being towed to its 
destination. Then again there is the recurring expense attached to dredging the berth for the pontoon to 
be considered. 

I agree with Mr. Webster, however, that the pontoon dock has many advantages as well as the 
drawbacks which I have pointed out. 


Mr. 8S. TowNSHEND, 


It is presumed that the Old Timber Dock at Rotherhithe illustrated in Plate I is the one patented 
and built by Mr. C. Watson in 1795, and that the vessel shown thereon is the brig “ Mercury” which 
was docked in 1800. The ensuing plates thus illustrate the very rapid progress made in floating dock 
construction during the last 120 years, and Mr. Webster’s paper would have been complete if particulars 
had been given showing the scantlings and method of construction of a typical large dock. 

The advantages of the floating dock as compared with the graving dock are clearly set forth by the 
author. Except where it is cut out of the solid rock,a graving dock may be compared to a tank sunk in 
the ground. Water percolating the soil exerts a pressure upon the bottom and walls of the dogk, and the 
deeper the dock the greater is the pressure. Many graving docks are, for reasons of economy, so built 
that vessels can enter them only at high tide, and there is consequently less pressure upon the dock bottoms 
and walls than in the cases of deep docks constructed to take vessels at any state of the tide. 

In almost tideless waters, such as those of the Baltic and Mediterranean, the necessarily deep graving 
docks are always subjected to heavy pressures, and these conditions may hold likewise in localities where 
the level of the water fluctuates greatly according to the season, as, for example, in the St. Lawrence, It 
is therefore obvious that where the rise and fall of tide is very small or very great the floating dock has 
an undoubted advantage over the graving dock, but this advantage is not so pronounced where the rise 
and fall of tide is normal, as in this country. 

Moreover the draft at the sill of a graving dock need not be greater than the depth of water of the 
harbour or estuary, etc., but in way of a floating dock the depth of water must be much more to admit of 
the sinking of the dock. Deeper dredging is necessary, and, in some of our rivers, would require to be 
carried on continually, and the limitation in this respect is probably one of the principal reasons for 
graving docks being more in evidence in this country than floating docks. 

There is a point in the Author’s paper on page 6, par. 5. It is stated that the self docking of the 
Bermuda dock was commenced by bodily sinking the dock 20 feet and then pumping out one side until 
the dock was heeled sufficiently to enable the bottom fish plate fastenings to be reached. Could this not 
have been equally well accomplished by the single operation of filling one side only ? 

On page 4. par. 2, the Author states that: ‘ With a graving dock, should the ship be only an inch 
wider than the entrance gate, or an inch longer or deeper than the dock, it is impossible for the vessel to 
make use of that particular dock.” The Author implies that fioating docks can accommodate vessels 
wider than themselves. 1 would be pleased if he would say how a vessel wider than a boe-shaped dock is 
docked therein. Further, the limitation of /engih in the case of the graving dock is one which my 
intelligence is able to grasp, but no reason is seen why the depéh of a vessel should not be a few inches, a 
few feet, or even a few yards greater than the dock itself. 


Mr. J. S. Ormisron. 


I think we are much indebted to Mr. Webster for focussing our attention in this paper on a type of 
floating structure not commonly the subject of consideration by the naval architect. The various types 
of floating docks so amply illustrated from photographs and diagrams together with the completeness of 
the text present the general points underlying floating docks. 

One or two reflections, arising from a reading of the paper, suggest a question or two which I should 
like to.ask. A floating dock does not appear to have any real compression top member as a ship structure 
has in her decks. When the dock has the great weight of a ship resting on the blocks the bottom 
structure of the dock is loaded similarly (although not quite exactly) to a centrally loaded beam, that is 
considering the span in a transverse direction. This would produce, in the absence of a top transverse 
member, a tendency for the side walls of the dock to “angle in” towards each other. It would be of 
mterest if the Author would give us an idea of the bottom construction of the dock, which must be of 
very robust arrangement indeed to resist this fendency without the assistance of a top member. 


Such a tendency as I have indicated, I have seen signs of in a ship structure with large hatchways 
and loaded with ore stowed in the usual pyramidal fashion, and incidentally in a bridge structure. There 
is another point I should like to raise. I suppose vessels of considerably greater length than the dock are 
“blocked” thereon. This means that a considerable portion of the vessel at each end would be 
unsupported. It would be of interest to know how sucli a case is dealt with if it does arise. I have to 
thank the Author for his valuable paper. 


Mr. R. S. Jounson. 


Mr. Webster has compared the floating dock with the graving dock and shows the advantages all in 
favour of the former system. He makes no mention of the cost of maintenance in the two cases, and, 
had he done so, it would have been necessary to include the cost of dredging ; an important item which 
would not appear in the case of the graving dock. 

The life of the two docks would in all probability be the same, as the floating dock would wear out 
in about the time which would elapse before the graving dock became inadequate as regards size and 
depth of water. . 

Tlie “ mobility” of the floating dock was used to full advantage during the war, and the dock 
installed at Scapa Flow enabled many crippled vessels, which would have had to proceed to the dockyards 
for repairs, to remain in service with the Fleet. 

In these days of high costs, the floating dock should prove a great source of economy for shipowners 
whose vessels, particularly tramp steamers, remain abroad for long periods. Considerable care will need 
to be taken when filling and emptying the various pontoons in the case of the depositing type of floating 
dock, and the rate of inlet and discharge should vary in each section when sinking or lifting. The 
reason for this is because the weight of a vessel varies throughout its length, and with improper support 
whilst docking; deformation is likely to occur, with resulting leakage. Even if the vessel is made tight 
before leaving the dock, the recovery of form when again waterbourne will produce leaky joints. 

There was at one time considerable prejudice on the part of shipowners against the use of floating 
docks, and they preferred to trust their vessels to the rigid and solid foundation offered by the graving 
dock. In this country, at all events, the numerous graving docks at all the large ports is evidence of the 
popularity of this system, which is further assisted by the considerable tidal effect. 

An undoubted advantage in favour of the graving dock is the available space in the vicinity for the 
storage of machinery, repairing gear, etc., and the convenience of being able to have railway and other 
transport facilities extended right up to the dock edge. 

Another point for comparison of the merits of the two types of docks is the personnel required to 
dock a vessel in each case, and perhaps Mr. Webster will be able to give some information concerning this 
item in his reply. 

I have recently had an opportunity of examining the plans of some of the Continental floating 
docks of about 10,000 tons lifting capacity, and one feature of the design which impressed me at the 
time was the comparatively thin plating of which the dock was built, being much less than would be 
required in the case of a ship of the same displacement. 

The ballasting arrangements in a floating dock necessitate a very deep tank, being about 12 ft. in 
the case of the Continental docks mentioned, and here, although the shearing force is excessive, the stress 
induced is comparatively small so far as transverse strength is concerned. This latter is perhaps more 
important in the floating dock than in the case of a ship, because of the concentrated loading to which 
the structure is subjected. 

The framing of the pontoon usually takes the form of cross bracing, and the stresses are, as a rule, 
calculated by the graphic method, which is a more common practice with Civil Engineers than with 
Naval Architects. This bracing is of light scantlings, and, for the 10,000 ton docks, consisted of 
3in. x 3in. x Zin. angles, while the frame and reverse frame were about 4 in. x 4 in. angles. 

Mr. Webster states that the most suitable arrangement of keel blocks depends upon the breadth of 
the dock, but it would appear that for a dock which is exposed to any swell or chop from the sea, as is 
the case with some docks abroad, it would be of considerable assistance when shoring up a vessel to always 
have three lines of blocks. 

A sketch on page 13 of the paper shows the use of rtibber packing at the joints, and I should like 
to ask Mr. Webster if this substance is used in the docks intended for service in hot climates. If so, 
this must be a somewhat unserviceable fitting and would necessitate constant attention. 
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As regards the comparative merits of the two docking systems, it would appear that there is ample 
roem for both, each being more or less suitable under certain circumstances. 


THE PRESIDENT. 

We are indebted to Mr. Webster for coming all the way from Glasgow, in spite of the coal strike, 
to read what has proved to be a most interesting and instructive paper. It is said that a Scotsman who 
leaves his native land for London never returns except to bring his friends South with him, but 
Mr. Webster who left London for Glasgow, assures me that nothing but the Staff Association could 
tempt him to leave Glasgow even for a comparatively brief period, and he certainly looks as if snow, 
rain, and similar luxuries agreed with him. 

The discussion to-night has covered practically all the points raised in the paper, so there is little 
left for me to criticise. 

The Author has given a very concise account of the various types of “ Floating Docks,” but I think 
he might have given us more information regarding stability, as this must be the critical factor in 
design. In the processes of sinking and lifting the dock, there must be many critical periods, and some 
information regarding these, and the methods of dealing with them, would add immensely to the value 
of the paper. Then he says very little regarding stresses, and the part played by the dock and the ship 
respectively in resisting these. Further, he gives us practically no information regarding the pumping 
arrangements, and surely that is a very important factor. Perhaps in his reply to the discussion, he will 
give us some information on the points I have mentioned. 

On page 6 the Author gives a description of the important and elaborate operation of disconnecting 
one section of a “ self-docking ” dock for repair. Judging from the description of the operation, with its 
many fine adjustments of trim, it would appear that the only proper place to perform the operation would 
be the flooded basin of an excavated dock, where the effects of wind and tide could be eliminated. If it 
is true, as we are informed, that some section is always under repair, the process must add considerably 
to the working costs. 

But the question arises, is it really necessary that the various pontoons forming the dock should be 
rigidly coupled together ? 

Just prior to the outbreak of the war in 1914, a large pontoon dock, capable of lifting a vessel of 
20,000 tons load displacement, was projected. The various sections were |_ shaped and _ floated 
independently but almost touching, hinged platforms bridging the space between the pontoons, while the 
flooding and emptying valves were controlled by flexible piping from the machinery station on a central 
pontoon. The end pontoons were of finer form than the central ones, in order to provide a_ better 
distribution of buoyancy, and the forward and after pontoons could be used separately for docking or 
undocking two smaller vessels. 

As the Author has not mentioned this type, perhaps he will tell us if in his experience it has not 
been as efficient as the rigidly bolted type. 

Before calling on Mr. Webster to reply to the discussion, I would ask Mr. Staples, of the firm of 
Clark and Stansfield, to address you. 

Mr. Staples knows more about “ Floating Docks” than one could learn from the perusal of a dozen 
volumes ; he has been intimately associated with the design and building of almost all the large docks 
which are in use in almost every country in the world, and in response to our invitation he has come 
to our meeting to-night to give us the benefit of his experience. I would suggest, if agreeable to 
Mr. Staples, that he deal in his remarks with some of the technical points raised in the discussion to-night. 


CORRESPONDENCE. 


Mr. J. Houston. 
I would like to make a small correction to Mr. Webster’s paper, and that is with reference to the 
depositing dock which he states is stationed at Barrow. This dock bas now been put out of commission 
owing to old age and infirmity, and its place has been taken by an ordinary pontoon dock with a lifting 


capacity of 5,200 tons. Incidentally I might add that the services of the Society’s Surveyors were 
requested for supervising the construction of this dock, and we at this port obtained an insight into the 
construction of floating docks, which we would not otherwise have had. The design of this dock 
followed on orthodox lines, and it emanated from the office of Messrs. Clark & Stansfield, the well known 
floating dock experts. All the pumps, capstans, and crane, etc., are electrically driven, the current being 
supplied by a submerged cable. ‘The dock was recently tested almost up to its capacity, and at first it 
failed to lift the vessel clear of the water, but that was owing to the vessel being an oil tanker with all 
the weight of machinery aft, and the manipulation of the dock was not carried out to allow for this. 

Ultimately the vessel was lifted without trouble. 

To return to the old “depositing dock,” however, this name has been a misnomer for a considerable 
time as the grids ashore were filled in, and the projecting short pontoons of the dock itself were joined 
together to make a continuous pontoon many years ago. Since then it has been used similar to the 
“off shore” type, but as stated above, it has now given place to a more modern design. 


MEETING OF NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF ASSOCIATION. 
To Discuss Mr. G. Wesster’s PAPER on “FLoatinG Docks.” 
Thursday, 28th April, 1921. 
Mr. ANNEAR occupied the Chair. 


Mr. R. LEE ANNEAR. 


That the floating dock is superior to the graving dock is seriously questioned. The fact that the 
floating dock is favoured for non-tidal waters is evidenced by the small proportion of floating to graving 
docks in the United Kingdom, and the higher relative proportions in the Baltic and United States 
Eastern Coast. 

In Montreal the Vickers Dock is a large double-wall pontoon capable of lifting 25,000 tons. The 
expense of using so large a structure for the examination and repair of small craft is great. The graving 
docks at Quebec are 600 and 1,150 ft. long respectively, and the latter, which can be halved by a caisson, 
is very expensive in operation owing to the quantity of water requiring to be pumped out and to the 
shoring of a small vessel in a dock of 120 tt. beam. In general it may be said that docks are best 
suited when they approximate the size of the vessels, and a sectional floating dock fulfils this requirement. 

The Dumfries Pontoon at the entrance to Cardiff docks is an example of an “off-shore” tidal dock 
built, to designs of Messrs. Clark & Stansfield. There is a rise of tide of about 40 ft., and at low water 
the pontoon always rests on the bottom. The expectations of many that continuous dredging and extensive 
corrosion would be experienced were not realised, and it was in use many years before the bottom was 
cleaned. As an example of what could be done, Mr. Jones, the late Manager, cited an instance. During 
one tide—say three hours—a vessel was undocked, the pontoon floated, and new capping blocks fitted, 
again sunk, and floated with another vessel. On one occasion a vessel was docked with 800 tons of 
bunkers without mishap. 

Mr. Webster quotes some remarkable performances by Messrs. Morse Dry Dock & Repair Co., at 
Brooklyn, At one time an American-Hawaian vessel was undocked and another one under survey on the 
dock inside one hour. 

Many of the American floating docks are built of timber, and the larger types are sectional. The 
one mentioned previously at Morse’s being of five sections. It is quite a common sight to see a vessel 
docked on two or three sections uncoupled from the rest. 

At Messrs. Tietjen & Lang’s, Hoboken, there were nine of these floating docks, and on the largest— 
a sectional dock—was a vessel undergoing extensive damage repairs, due to grounding. There were over 
90 plates to be removed, and a considerable length of the keelson. On account of the difficulty of 
etficiently supporting the whole length of the ship on bilge blocks, the blocks in way of one section of 
the dock were removed at a time. 


Reverting to the “Dumfries” pontoon, an exciting incident occurred about 27 years ago. The 
steamer “ Ashfield” was undergoing extensive bottom damage repairs. In the early morning the fireman 
had just arrived to raise steam when the watchman noticed a vessel backing out of the Mount Stuart Dry 
Docks across the channel. A strong 8.W. breeze was blowing, and the vessel being in a light condition 
struck the pontoon a couple of feet below the water-line, holing it. The watchman, cailing to the 
fireman to give him steam, ran to the sluices and started filling the opposite tanks so as to sink the 
pontoon on an even keel. With some battens, canvas, and redlead he then made a collision mat, and, 
with the fireman’s assistance, got it over the hole before the dock was submerged. By this time some 
steam was available, and when the yard was opened at 6 a.m. the vessel was again lifted and the collision 
mat held until a permanent repair could be made. 

It is interesting to note that in the Tyne district there are two old wooden docks, Messrs. 
Richardson & Brocks, dating from 1858, and Messrs. Mitchisons, Ld.—two “off-shore” pontoons of 
Messrs. Smith’s Docks, Ld., and the Admiralty pontoon in Jarrow Slake, while Messrs. Swan, Hunter & 
Wigham Richardson, Ld., at Wallsend, is the firm responsible for the construction of some of the largest 
floating docks afloat, and themselves have two double-wall floating docks. 


Mr. W. T. Hupson. 


I think there is a great deal to be said in favour of the sectional pontoon dock. With this design, 
if an extra pontoon is provided, the dock is only out of commission during the time taken to remove the 
section which requires repairs. 

Ordinarily, self-docking is a slow and I should think an expensive operation, and while in progress 
places the dock out of use. With the sectional pontoon dock the pontoons may be periodically docked 
in rotation, thus enabling the dock to be operative at any time. 

Owners of oil vessels do not seem to favour the use of pontoons, especially when the oil tanks have 
to be tested. 

The “off-shore” type of dock should be more economical to work than a dock situated somewhere in 
the middle of a river, when you consider the time lost in conveying workmen and material to and fro. 


Mr. J. Hopeson. 


There is one point in this most interesting and instructive paper which I should be glad if 
Mr. Webster would explain a little more fully. 

Referring to the longitudinal strength of floating docks he says that in resisting the bending 
moments the ship and dock act together, and that the moment of resistance of the dock and of the ship 
are obtained and added together. Does this mean that the docks and ship are taken together as a 
homogeneous girder and the moments of inertia calculated for the composite sections of ship and dock ? 

Whilst it is conceivable that a vessel of approximately the same length as the dock will by variation 
of the block pressures influence the free deflection of the dock, would this hold in the somewhat extreme 
case of a comparatively short stiff ship docked upon a long flexible dock ? 


Mr. G. Murpocu. 


Mr. Webster has given us some interesting information regarding the different types of pontoons, 
but I think he is not quite right in stating that the weight of water to be pumped out is in direct 
proportion to the weight of the vessel being docked. Suppose two vessels, A & B, of equal weight but 
of different dimensions such that when in light trim A has a draught of say twice B, and assuming the 
deck of the pontoon to be just awash in each case before sinking and after raising, then for vessel A the 
pontoon would require to be sunk to twice the depth for B, minus the depth of the keel blocks. The 
weight of the water to be pumped out in the case of A is practically equal to the difference in displace- 
ment when the deck of the pontoon is awash, and when it is submerged to a depth equal to the draught 
of the vessel plus the height of the keel blocks and to this must be added the weight of the vessel, 
whereas in the case of B it is equal to A, less the displacement of the wall or walls of the pontoon for a 
height equal to the difference between the draught of A and that of B. Or, in other words, the extra 
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weight of water required to be pumped out in the case of A as compared with B, is equal to the 
displacement of the wall or walls of the pontoon for a height equal to the difference between the draught 
of A and that of B. 

There is an advantage at Continental ports in the use of a pontoon in preference to an excavated 
dock which came to my notice when on temporary duty at Rotterdam. The winter of 1901 was a severe 
one, and, after the thaw, the River Maas was one mass of broken ice, so much so, that when a vessel was 
docked the deck of the pontoon was covered with broken ice to a depth of several feet, and in a very 
short time the workmen had cleared all the ice away by pushing it over the ends of the pontoon. Had 
this been an excavated dock there might have been a difficulty in closing the gates and a considerable 
delay would occur in removing the ice from the bottom of the dock before a survey could be held. 


Mr. A. R. SNEDDON. 


Mr. Webster in the beginning of his paper makes out a very good case in favour of the floating 
docks, and shows many advantages of this type of dock over a graving dock. 

It is quite true that the cost of constructing a floating dock must be much less than that of a 
graving dock, but in the case of the latter there is no limit to its life, whilst in the case of the former 
there must be considerable expense in the renewing of material when the dock becomes any great age. 

I know of two floating docks built about thirty years ago where several of the top plates of the 
pontoons have had to be renewed and many other plates which will require to be renewed shortly, to say 
nothing of what must be going on inside the pontoons, and in the walls of the docks. As years go on 
the cost of upkeep will become greater and it will be a question whether it would not have been cheaper 
to have constructed graving docks instead of the floating docks. 

There is a good example of the wastage that goes on in steel structures to be seen at the present time 
at Messrs. Smith’s Dry Dock Co’s. old graving dock at North Shields. The gate is a caisson and is 
completely wasted away and will require to be renewed, whilst the graving dock is as good as on the day 
it was constructed, and will last the (ifetime of half-a-dozen caissons. 

Great care has to be exercised when placing a vessel on a floating dock especially in the case of 
those of the L_ shape to see that the vessel is properly centred in the keel blocks. The breadth of the 
vessel is taken from Lloyd’s Register and the distance poles are run out to suit the half breadth as given 
in the book, and I remember Mr. Scorer, the Manager of Messrs. Smith’s Pontoons, telling me that in all 
his experience of docking vessels on the pontoon he came across only one small vessel, the breadth of 
which was not correctly given in the Register Book, which shows how reliable is the information given in 
the Register. 

It is very interesting to hear of all the different kinds of floating docks that have been constructed, 
and Mr. Webster deserves our thanks for the information he has given in his paper. 


Mr. 8S. F. Srapues. 


Although not a member of your Association, your President has asked me to say a few words upon 
the very able paper we have just heard. The lecturer very rightly devoted a considerable amount of space 
to the discussion of the various forms of self-docking. Now it will perhaps not be without interest to 
take, so to speak, a bird’s eye view of self-docking. In the very early days of timber docks, self-docking 
was not thought of. As the dock advanced in age, it became somewhat more waterlogged, and so a 
certain amount of the stone or gravel ballast necessary to make the dock sink was thrown out so as to 
restore its normal lifting power. With the exception of caulking bad leaks, that was all that was done. 

The next stage was to construct docks of iron, and then self-docking began to be considered. It was 
not really essential, as iron does not corrode very rapidly in ordinary sea water. I have known iron docks 
to last forty years without being docked. It must be remembered that barnacles and marine growth 
generally act as protectors to the outside plating, and as their specific gravity is practically that of the 
water in which they live they do not detract materially from the lifting power of the dock. 

The next era was that of steel docks, and then self-docking became essential, or the effective life of 
the dock would be short. In most waters a steel dock should be lifted and painted about every ten years 
or so. In early days there was much controversy as to whether steel really did last less well than iron, 
and so to satisfy myself I obtained permission from the Harbour Engineer for whom at that time I was 
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designing a dock to have the girders supporting the end platforms of the dock alternately constructed of 
ih steel. At the end of ten years the difference in condition of the two was very markedly in favour 
of the iron. 

After the advent of steel docks still another era arose, i.e., that of bituminous enamels. <A steel dock 
properly coated with these appears to have an almost unlimited life. Last year I went with a Naval 
Commission to inspect a very large number of docks belonging to the German Admiralty, some of them 
from twenty to thirty years old, and almost without exception they were structurally in good condition. 
_ Thad a report a short while back upon the condition of a dock in tropical waters which had had some 
frames renewed in 1908. They were coated at my suggestion with a paint which never dries. This year 
they were stated to be in exactly the same condition as when first coated. 

It would appear, therefore, that self-docking is not so vitally necessary now, if owners will go to the 
expense of something better than ordinary paint. There is all the time the risk of collision, or of some 
unexpected happening under water, and I am a strong advocate of self-docking in the case of docks which 
it is impossible, owing to size, or impracticable to dock in a graving dock. As an instance of the 
unforeseen happening, I might instance a dock in this country which had to have very extensive repairs 
done to it owing to the fact that it sat on a timber grid each low tide, and in the course of years the 
friction of the timber had completely rubbed off the rivet heads, so that the bottom plating actually 
parted from the chine bars. I was called in in connection with the repairs of this dock, so | know what 
I have stated is literally true. 

I have been expressly asked by the lecturer to reply to a few points raised in the discussion, as I. have 
the information perhaps more readily accessible than he. 

As the President asked for information about the stability and strength of floating docks, I might 
perhaps commence by saying a few words upon these points. 

When a ship is being lifted upon a floating dock, the period of least stability occurs between the time 
when the keel of the ship is out of the water and when the deck of the pontoon emerges. It is my custom 
to give the dock a metacentric height under these circumstances of as nearly as possible 3 feet, taking a 
vessel of the maximum weight that the dock can lift and allowing a very high centre of gravity for the 
ship. That this gives a very ample margin of safety may be inferred from the fact that I have once 
personally worked an old dock which at the time had a metacentric height of only five inches. 

It is not practicable to say much about strength here, but I might mention that seven tons to the 
square inch is the maximum stress in any of the material of the dock except the skin plating under 
working conditions. When it is remembered that the loads are very gradually applied, and that under no 
circumstances is the dock exposed to shock, this working stress is a very conservative one. ‘aking the 
average, it may be stated that the longitudinal strength of a ship is double that of the dock built to take 
it, but except through gross carelessness very little longitudinal stress need come upon the ship, unless 
her length is exceptional for her weight. It is impossible to make a dock fool proof, but in practice 
accidents due to faulty pumping very rarely occur. In large docks it is customary to fit deflection 
indicators, so that the man in charge can actually see what is going on and pump accordingly. 

I should think that the 20,000-ton dock referred to by the President must have been designed by 
someone not very conversant with the subject. If the spaces between the pontoons were wide enough to 
need hinged platforms, that would imply very large spaces under the keel of the ship without the support 
of blocks under them, and I strongly suspect that Lloyd’s surveyors would have something to say upon 
that subject. For practical reasons I should be very averse from a 20,000-ton dock with only one side 
and with loose connections. 

It was urged by one speaker that the cost of towage and insurance shouid be set against the less first 
cost of a floating dock. This is quite true where there is towage and insurance. Might these items not 
be fairly set against the cost of the land forming the site of a graving dock? Leaving aside the 
discussion details, it will be found that the total figure representing the cost of the complete dock 
installed and ready for work will be far less in the vast majority of instances in the case of a floating 
dock than in the case of a graving dock. 

The running expense of dredging the berth excavated for a floating dock is as a rule very small, as 
the movement of the dock up and down seems to have the effect of dispersing the silt before it has time 
to consolidate itself. 

I have no means of ascertaining whether Mr. S. Townshend is correct is surmising that the old 
Timber Dock at Rotherhithe is the one built by C. Watson in 1795. The engraving from which the 
slide was made was published in 1829. 
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With regard to the method adopted for self-docking the Bermuda dock, the Author’s statement is 
correct, although at first sight Mr. Townshend’s criticisms would appear well founded. The reason why 
the dock was first lowered and then water from one side pumped out was because sufficient water would 
not flow in if the valves were opened on one side when the dock was floating light, i.c., when the dock 
was heeled over the water in the deeper side was higher inside the dock than the level of the water in 
which it was floating. 

In a graving dock the width of entrance is the extreme width of opening at the entrance, and this 
is a very definitely fixed figure. In the case of floating docks the clear width is taken as the width 
between the rubbing timbers on the shoring stages. In exceptional cases | have known these stages 
es ie so as to give an additional clear width of some five feet more than the legend width of entrance 
of the dock. 

The Author in stating that the depth of the vessel must not be greater than that of the dock meant 
her depth in the water, intending to point out that in the case of a graving dock you cannot cause the 
tide to rise if you want to dock a deep draft vessel, but you can always lower a floating dock so as to get 
her in—within limits, of course. 

I do not quite follow Mr. Ormiston in his difficulty about the transverse bending of the dock. 
This bending is taken up, in the case say of a 10,000 ton dock, by transverse plate girders about 14 ft. 
deep, with top and bottom flanges say 10 ft. wide, both web and flanges of the girder being well stiffened 
against local deformation. 

With regard to fore and aft overhang, the most extreme case of this I know of occurred many years 
ago at Barrow when docking the s.s. “ Empress of China.” She was 480 ft. long and she was lifted on 
the Barrow dock which was only 240 ft. in length ; thus there was an overhang of 120 ft. at each end, 
and no harm was done either to ship or dock. 


REPLY BY THE AUTHOR. 


Several speakers have suggested that I should have given more information in the paper regarding 
some of the important items such as stability, strength, scantlings, costs and pumping, but [ am surprised 
that our President should be among these “ Oliver Twists,” as it was impressed on me throughout the 
preparation of the paper that it should be concise, and consequently I stated at the beginning that I only 
intended giving a general description. 

Mr. McLaren draws attention to the comparatively small number of floating docks in this country, 
and I think a possible reason for this is that land space is more available than water space due to the 
narrow and comparatively shallow rivers. Mr. Townshend in his remarks also gives possible reasons for 
the scarcity of floating docks in this country. 

I quite agree that there are positions in which it would be impossible to utilize a floating dock and 
that the graving dock would be the only solution. 

Although Mr. McLaren does not agree that the development of the floating dock has reached a 
stage which might be termed perfection, I think he will agree that the examples given towards the end 
of the paper of the rapid handling of vessels of all sizes allows very little scope for improvement. 

I cannot agree with Mr. McLaren’s remarks regarding the handling of material. I think the floating 
dock has the advantage over the graving dock in every way. Most floating docks have a crane on the top 
of- each wall, which permits of material being placed in any desired position, and, in addition to being 
able to wheel material directly on to the deck of the dock at the ends, many docks have openings in the 
side walls through which material can be transhipped. 

I think Mr. Johnson is inclined to over-estimate the deformation likely to occur ona dock. The 
officer in charge quickly becomes expert in the handling of the dock and knows exactly how to control the 
pumping by observing the movements of the dock. I do not think deflection will ever occur due to 
careless handling of the dock which will be sufficient to cause any serious leakage in the vessel, and in 
some instances it is possible that the deflection on the vessel and ship will be nil. 

Mr. Watt draws attention to the necessity of having a sheltered position in which to carry out self- 
docking operations. In the case of the dock referred to these were carried out on the Tyne. The 
necessity for self-docking depends on the position of the dock, but generally, unless in the case of 
damage, it is not necessary to perform the operations very frequently—perhaps every 8 or 10 years, and 
the dock can easily be towed to some sheltered position. 
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Mr. Murdoch refers to my statement regarding the amount of water to be pumped out of a floating 
dock being proportional to the weight of the ship. 
As several speakers have asked for scantlings I have appended a section of a small dock. 
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With reference to the question raised by Mr. Hodgson in regard to longitudinal strength, the curve 
of moments of inertia of the dock and the ship are obtained and one superimposed on the other, but in 
the extreme case in which the ship is relatively short in comparison with the dock, the ship will not 
deflect so freely with the dock, and sometimes the moment of resistance curve of the dock only is 
compared with the curve of bending moments, and if it is found that the resistance is deficient it has 
then to be decided whether the ship is in itself stiff enough to make up the deficiency. 

When the ship is longer than the dock any overhang of the ship at the ends can be taken account of 
in the curve of loads by superimposing the overhanging load over a distance equal to the length of over- 
hang measured from the end of the supported portion. This, of course, is not theoretically correct, but 
it is on the safe side. 

A comparison of the relative cost of a floating dock or a graving dock has been asked for, and, in 
reply, I cannot do better than to quote from an article by Mr. 8. F. Staples in a recent issue of ‘The 
Dock and Harbour Authority,” viz. :— 

“Before installing a dock of any sort, the port engineer has to make up his mind, as a rule, whether 
he will give up a certain amount of wharf area or cf harbour area, and the reply to this question may be 
quite as important as the reply to the other question ‘ What will each cost’ ?” 

Intimately bound up with the question of cost is time of construction. Here the supremacy of the 
floating dock is unquestioned, even if questions of purchase of land and clearing of site do not come in. 

A floating dock can certainly be built in half the time occupied in the construction of a graving 
dock, or even much less if required. 
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As a general rule, the cost of a floating dock is very considerably less than that of a graving dock, 
and, moreover, it is possible to determine beforehand what the total cost is going to be, a state of affairs 
rarely possible in the case of a graving dock, unless a very large margin for contingencies is allowed to 
the contractor. 

Taking conditions the world over, it is quite a fair assumption to make that a steel dock will cost 
the half of a stone one, and that whereas the life of a stone dock may be considered indefinite, that of a 
steel dock has been proved to be 40 years ab least, and on this basis it may be of interest to compare the 
total expenditure the port authorities will have to face in each case. In order to make the two sets of 
figures strictly comparable, the annual expenditure has in each case been capitalised, the assumption being 
that money is worth 5 per cent. 

Before going into figures, it might be stated that taking the average of a large number of docks over 
a large number of years, it is found that the cost of upkeep of a floating dock varies from 1} to 14 per 
cent. of the first cost, and the larger figure has been taken for the purpose of comparison here set forth. 

The annual cost of upkeep of a graving dock is much smaller, and has been assumed at £200 per 
annum for the dock under consideration. 

The cost of a graving dock is assumed to be £100,000, and that of a floating dock of the same size 
to be £50,000. 

The total capitalised expenditure to be faced if a graving dock be decided upon will be, therefore, as 
follows, assuming that it lasts for ever :— 


Cost of dock... Bee oe ae os Se ae ... £100,000 
Interest on £100,000 at 5 per cent. for 40 years, capitalised ... 85,795 
Upkeep at £200 per year for 40 years capitalised... Xb. 8,482 

189,227 


In the case where a floating dock is installed, the following will be the capitalised expenditure, 
assuming that its useful life is 40 years :— 


Cost of dock... 3 oe ay. ane ve des .. £50,000 
Interest on £50,000 for 40 years, capitalised —... a --. 42,898 
Upkeep at £750 per annum for 40 years, capitalised —... --» 12,868 

Capitalised value of sinking fund to return £50,000 at end of 40 
years... a Te see aa 7,155 
112,921 


At the beginning of the period under consideration the prospective amount of money to be found is 
£76,306 less if the floating dock be decided upon. At the end of the period other considerations arise. 
In the course of years the trade of a port generally varies, and a dock which was suited for the port 40 
years ago will probably be out of date now, and, in the one case, the port authorities may find theinselves 
in possession of an out-of-date graving dock plus a debt of £100,000; and in the other case, with 
£50,000 in hand to build an up-to-date dock suited to the changed needs of the port, in addition to their 
old dock, which has some value, even if only for breaking up purposes ; or, if the trade of the port has 
declined, they will have their old dock and cash to pay off their debt. 

If the trade of a port has changed in character as the years go on, and the owners of the port find 
that their floating dock is getting out of date, it is quite an easy matter to dispose of it to a port which 
has still its career to make, and instal a more suitable one in its place, and that too without leaving the 
port dockless for more than a very short while. On the other hand, the lengthening, and still more so 
the widening, of a graving dock is usually a serious undertaking, and one involving the loss of the 
services of the dock for a very considerable time. 

In conclusion | would like to express my gratitude to Mr. Staples for coming here to night and 
giving me his valuable support, and also for the great assistance which he and his firm have given me in 
the preparation of the paper. 


THe PRESIDENT. 


On behalf of the Staff Association, I desire to tender to Mr. Staples our warmest thanks for coming 
to our meeting to-night, and for his most interesting remarks, and to Mr. Webster for his able and 
instructive paper on ‘“ Floating Docks.” 
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The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Thursday, 12th May, 1921. 


Tue Presipent, Mr. W. Warr, occupmep THE CHarr. 


Reviewing the work of the Session now completed, the President said :— 


At the Inaugural Meeting of Lloyd’s Register Staff Association, I assumed the réle of prophet, and, 
looking back over the completed work of our opening session, I think you will agree with me when I 
suggest that our fondest expectations have been amply realised, and over the record of our transactions 
we can write “ Something attempted, something done.” 

We have had a selection of papers, which for variety of subject, concentration of interest, and, what 
is perhaps more important, for depth of scientific and practical knowledge, cannot be excelled in the 
annals of any of the learned societies. A standard has been established which will demand the best 
energies of our future authors to maintain, but I feel sure that with such a vast source to draw upon, our 
future sessions will equal, if not surpass, the session now completed. But the success of the Association 
depends not so much on the ability and eloquence of the authors, as on the enthusiasm of the members, 
and in this respect they have not been found wanting. 

The meetings have been exceedingly well attended, there has never been a lack of speakers in 
the discussions, and their remarks have been interesting and to the point. I feel sure that as the years 
go by the record of our transactions will form an invaluable work of reference, and will help in no small 
measure in framing the policy in technical matters of the great Society to which we belong. 

Our outport members have taken a keen interest in the work of the Association, by forwarding 
contributions to the discussions on almost all the papers, and their helpful suggestions from time to time 
have been of great assistance to the Committee. 

Special mention should be made of the work done by the Newcastle staff, who have held monthly 
meetings in their own port to discuss the papers read at our London meetings, and I commend 
this procedure to the members of the staff in our other large ports. 

As showing the keen interest taken in the Association’s work, | may mention that we have already 
completed the syllabus for next session, and have been compelled to defer acceptance of further papers. 

The subjects will be as varied as those of the session just completed, and, in addition, we are pleased 
to announce that Professor Marchant, of Liverpool University, has kindly consented to deliver a lecture 
on Wireless Telegraphy. 

We can look forward with confidence to the future, and as our objects and aims become better 
known to our outport members, I feel sure they will vie with the London staff in making our Association 
a power in the world of Shipbuilding and Engineering. 


On an occasion like this, I think it right to refer to the enthusiastic support which the Association . 
has received from the Committee of Lloyd’s Register. Not only have they granted us the use of the 
Board Room for our monthly meetings, but they have borne the entire cost of printing the transactions, 
copies of which have been circulated to every member of the Association, and it is to their practical 
interest we are largely indebted for the success of our Association. The best way in which we can thank 
them for their interest and confidence in us, is by striving now and always to deserve it. 

Our thanks are also due to those members of the Clerical Staff connected with the printing depart- 
ment who have given us help and kindly counsel in connection with the printing of the transactions. 

Tt was felt by the Committee that some time limit should be placed on the services of the President, 
Honorary Secretary and Members of Committee, and a proposal to this effect was put before the 
Meeting. After some discussion it was decided that ‘The President, Honorary Secretary and Members 
of Committee shall retire annually and be eligible for re-election.” 

The rules will be altered accordingly. 


The following office-bearers were then elected for the Session 1921-1922 :— 
President - - - - - - Mr. W. Warr. 
Hon. Secretary - - - - - Mr. W. THomson. 
ComMITTEE, LONDON. 
Messrs. R. Balfour, J. Carnaghan, W. D. Heck, B. C. Laws, 
R. M. MeLaren, J. S. Ormiston, and G. F, Robson. 
Suggestions made by several members regarding 
(a) Covers for binding the transactions, 


(6) Length of contributions to the discussions, 
(c) Visits to Public Works and Institutions, 


were remitted to the Committee for consideration. 
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